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The  Defense  Metals  Information  Center  was  established  at  Lattelle  Memorial  Institute  at 
the  request  of  the  Office  of  the  Director  of  Defense  Research  and  Engineering  to  provide  Govern¬ 
ment  contractors  and  their  suppliers  technical  assistance  and  information  on  titanium,  beryllium, 
magnesium,  aluminum,  high-strength  steels,  refractory  metals,  high-strength  alloys  for  high 
temperature  service,  and  corrosion-  and  oxidation- resistant  coatings.  Its  functions,  under  the 
direction  of  the  Office  of  the  Director  of  Defense  Research  and  Engineering,  are  as  follows: 

1.  To  collect,  store,  and  disseminate  technical  information  on  the  current 
status  of  research  and  development  of  the  above  materials. 

2.  To  supplement  established  Service  activities  in  providing  technical  ad¬ 
visory  services  to  producers,  melters,  and  fabricators  of  the  above 
materials,  and  to  designers  and  fabricators  of  military  equipmc-  i  con¬ 
taining  these  materials. 


3.  To  assist  the  Government  agencies  and  their  contractors  m  developing 
technical  data  required  for  preparation  of  specifications  for  the  above 
materials. 


4.  On  assignment,  to  conduct  surveys,  or  laboratory  research  investiga¬ 
tions,  mainly  of  a  short-range  nature,  as  required,  to  ascertain  causes 
oi  troubles  encountered  by  fabricators,  or  to  fill  minor  gaps  in  estab- 
-j  :  listed  research  programs. 
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Notices 


Wncn  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose  other  th  en 
connection  with  a  definitely  related  Government  procurement  operation,  the  United  States  Governm.  n- 
thereby  incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the  Government 
have  formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data.  .- 
not  to  be  regarded  by  implication  or  otherwise  as  m  any  manner  licensing  the  holder  or  an>  other  wrv, 
or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use.  or  sell  any  patented  mo¬ 
tion  that  may  in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  of  this  report  from  the  Defense  Documentation  i  «  rte 
(DDC),  Cameron  Station,  Bldg.  5,  5010  Duke  Street,  Alexandria,  Virginia,  >2}I4. 

This  document  has  been  approved  for  public  release  and  sale,  its  distribution  .s  mi.m.t.  n 
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PROPERTIES  OF  NEK  HIGH-TEMPERATURE  TITANIUM  ALLOYS 


A-  K.  Hodge  and  D.  J.  Maykuth* 


SIP-SMARY 

This  memorandum  compares  and  summarizes  the 
compositions,  recommended  heat  treatments,  and 
basic  physical  ana  cechanical  properties  for  a 
group  of  12  relatively  new  titanium  alloys.  Most 
of  these  were  developed  for  service  above  600  F  as 
bar  and  forging  alloys  and  can  be  considered  as 
alloys  of  the  "super"  alpha  class.  These  include 
the  Ti-6Al-2Sn-4Zr-2Mo,  Ti-5Al-SSn-SZr.  and 
Ti-7Al-12Zr  compositions,  which  were  dpveloped  in 
the  United  States,  as  well  as  series  of 
IMI-679,  -680,  -EX  684.  and  -EX  700  alloys  and 
of  Hylite  50,  51,  55.  60,  and  65  alloys,  ail  of 
which  were  developed  in  the  United  Kingdom.  In 
-Edition,  some  preliminary  data  are  presented  for 
a  silicon-modified  version  of  the  Ti-6Al-2Sn-4Zr- 
2Mo  alloy. 


INTRODUCTION 

This  memorandum  was  prepared  to  acquaint 
the  U.S.  defense  metals  community  with  the  exis¬ 
tence  and  basic  properties  of  a  relatively  new 
group  of  12  titanium  alloys.  Most  of  these  al¬ 
loys  were  designed  principally  as  bar  or  forging 
alloys  to  serve  at  moderately  high  temperatures, 
i.e. ,  froa  600  to  1200  F,  and  most  can  be  consider¬ 
ed  as  alloys  of  the  "super"  alpha  class.  These 
include  three  compositions  that  were  developed 
in  the  United  States  and  nine  that  were  developed 
in  the  United  Kingdom. 

For  reader  convenience,  the  first  section 
of  this  memorandum  identifies  and  compares  the 
physical  properties  of  these  alloys  as  well  ’s 
their  room-  and  elevated-temperature  tensile  and 
creep  properties  for  a  selected  condition  of  heat 
treatment.  Succeeding  sections  of  this  memorandum 
are  devoted  to  each  of  the  ailoys  individually. 
These  sections  contain  a  brief  description  of  each 
alloy's  forging  characteristics,  recommended  heat 
treatments,  and  additional  mechanical -property 
data,  usually  for  several  conditions  of  heat 
treatment . 


PROPERTY  COMPARISONS 
Composition 

Table  1  lists  the  producers  and  composi¬ 
tions  of  12  alloys  described  in  this  memorandum. 

As  indicated,  three  of  these  alloys  were  developed 
and/or  are  being  produced  in  the  United  States  by 
the  Titanium  Metals  Corporation  cf  America  (TMCA) 
sr.d/or  F.eactive  Metals  Incorporated  (RMI).  The 
nine  remaining  alloys  were  developed  in  the  United 
Kingdom  by  the  Imperial  Metal  Industries  Limited 
(IMli  or  by  Jessop-Savi 1 le  Limited  fJesscp) .  The 
1MI  Alloy  67S  is  also  produced  in  the  United 
States  by  TMCA  under  license  from  IMI . 


*  A.  K.  Hodge,  now  retired,  served  as  Fellow 
m  the  Nonfcrrous  Metallurgy  Division  at 
3attclle  Memorial  Institute.  Columbus.  Ohio. 
D.  J.  Maykuth  currently  serves  as  Associate 
Chief  in  this  same  division. 


At  the  tine  this  memorandum  was  being  pre¬ 
pared,  word  was  receivedf*)  that,  as  of  early  Novem¬ 
ber,  1967,  IMI  had  purchased  all  of  Jessop's  ti¬ 
tanium  patents  and  titanium  interests  and  that 
Jessop,  accordingly,  was  discontinuing  production  of 
its  Hylite  series  of  titanium  ailoys.  Of  the  vari¬ 
ous  Hylite  alloys  that  had  been  produced,  DMIC  also 
understands  that  IMI  presently  only  intends  to  con¬ 
tinue  production  of  the  Hylite  SO  and  51  compositions 
under  the  designations  of  IMI  SS0  and  551,  respec¬ 
tively.  Nonetheless,  DMIC  has  retained  property 
data  for  the  Hylite  55,  60,  and  65  alloys  in  this 
memorandum  in  th  belief  that  an  appreciable  inven¬ 
tory  of  these  alloys  still  exists  and  the  possibil- 
>*y  ♦*•-!*  -red  *  f  alloys  nay  be  renewed 

at  a  later  date. 

As  notec  ;,i  the  introduction,  cost  of  these 
alloys  were  developed  for  service  at  temperatures 
above  600  F.  Accordingly,  all  of  these  contain 
substantial  quantities  of  aluminum  (which  stabilizes 
the  alpha  allotrope  of  titanium  to  temperatures 
above  1620  r)  and  tin  and/or  zirconium  (which  are 
essentially  neutral  with  respect  to  altering  the 
temperature  of  the  allotropic  modification).  In¬ 
deed,  two  of  ’hese  alloys  (Ti-3-5-5  and  Ti-7-12) 
use  these  combinations  of  alloying  additions  alone. 
Because  of  their  lack  of  beta-stabilizing  alloying 
additions,  neither  of  these  alloys  is  neat  treat¬ 
able,  and  both  are  characterized  by  excellent  ther¬ 
mal  stability  and  weldability. 

Most  of  the  remaining  >0  alloys  also  con¬ 
tain  a  small  quantity  (1  to  4  percent)  of  molyb¬ 
denum,  which  acts  to  stabilize  the  beta  allotrope 
of  titanium.  This  results  in  the  formation  of  a 
small  quantity  of  the  beta  phase  as  a  normal  micro- 
structural  constituent  in  these  alloys  over  their 
service-temperature  range.  It  also  makes  these 
alloys  amenable  to  property  changes  through  solution 
and  ar'ing  heat  treatments.  Because  their  total  beta- 
siab;lizcr  content  is  snal 1  —  especially  in  propor¬ 
tion  to  their  combined  aluminum,  tin,  and  zirconium 
content — these  alloys  are  regarded  as  "near-alpha" 
or  "super-3lpha"  alloys. 

The  two  earlier  Jessop  allovs  (Hyl'te  50  and 
55,  now-  designated  as  IMI  550  and  551,  respectively’, 
arc  exceptions  to  the  above  near-alpha  or  super- 
alpha  alloy  classification.  Because  of  their  pro¬ 
portionately  higher  beta-stabilizing  allov  content, 
these  two  alloys  arc  appreciably  more  responsive 
to  heat  treatment  than  the  others  and  can  be  re¬ 
garded  as  rcughlv  equivalent  to  the  Tj-6AJ-4V  alloy 
in  this  regard.  Accordinglv,  the  1^1-550  and  55! 
3:ioys  show  a  lesser  degree  of  thermal  stability 
than  the  super-alpha  alloys. 

One  further  distinguishing  characteristic 
of  the  British  developed  alloys  ;s  that  all  of  these 
contain  from  0.2  to  0.5  percent  of  silicon.  Accord¬ 
ing  to  an  IMI  spokesman!- ’ ,  the  principal  function 
of  the  silicon  addition  is  to  improve  the  hot 
strength  of  titanium  bv  solid-solution  strengthening. 

Physical  Properties 

Tabic  2  susurizcs  the  available  data  on 
density,  coefficient  rf  thcr-._,"  c-xpai..-ivn,  electri¬ 
cal  resistivity,  and  thermal  conductivity  of  the 


alloys  listed  in  Table  1.  For  purposes  of  further 
coaparison s.  Table  2  also  includes  these  data  for 
the  Ti-6A1-4V,  Ti-SAl-2.5Sn,  and  Tj-BAl-.  <.  IV 
alloys,  which  are  the  alloys  in  greatest  tL»«ge  in 
the  United  States  today. 

Mechanical  Properties 

This  section  contains  selected  oechanical- 
property  data  for  the  12  alloys  of  Table  1  as 
well  as  for  the  three  leading  U.  S.  produced  al¬ 
loys,  i.e.,  T1-6AI-4V,  Ti -SA1 - 2 . SSn , *  and  T1-8A1- 
lMo-lV.  In  order  to  afford  as  direct  a  property 
cosparison  as  possible,  an  effort  was  cade  in  the 
compilation  of  these  data  to  seek  values  obtained 
froa  bar  stock  and/or  forgings  of  equivalent  site. 
Also,  in  aost  cases,  a  single  heat- treatment  con¬ 
dition  corresponding  to  the  eanufacturer's  recca- 
aendatior.  was  used.  For  T1-6A1-4V  alloy,  property 
data  are  only  given  for  the  sill-asnealed  con¬ 
dition. 

Tensile 

Table  3  presents  a  s usury  of  the  rcoa- 
teaperature  tensile  properties  for  all  of  the  alloys 
under  consideration.  Except  for  the  Ti-7-12  data, 
which  were  obtained  froa  forgings,  all  of  these 
data  were  obtained  on  bar  stock.  Sites  of  the  bar 
stock  and  the  heat  treataer.ts  used  are  given  in 
the  footnotes.  Figures  1-4  cospare  the  tensile 
properties  of  tnese  alleys  at  temperatures  to  1300  F. 


The  data  on  creep  properties  are  incomplete, 
and  in  general,  data  froa  different  laboratories 
are  not  directly  comparable.  Figure  5  shows  a 
Larsen-Miller  plot  for  0.2  percent  creep  defor- 
aation  of  Ti-6Al-2Sn-4Zr-2Mo,  coapared  to  several 
other  American  alloys  and  the  Ti-679  alloy.  All 
of  the  specimens  were  taken  froa  cocpressor- wheel 
forgings. 

Strictly  cosparable  data  for  the  three  IH1 
alloys  could  not  be  located.  Figure  6  shows  soae 
creep  data  for  the  three  alloys.  Whether  these 
alloys  were  in  bar  forn  or  froa  forgings  when 
tested  was  not  specified.  Moreover,  while  the 
data  points  for  Alloys  680  and  EX  679  are  cospar¬ 
able,  those  for  Alloy  684  are  not. 

The  three  Jessop  Hylitc  alloys  are  com¬ 
pared  to  each  other  and  to  IMI  679  and  Ti-6A1-4V 
in  Figure  7.  These  data  are  for  bar  stock  and 
appear  to  be  strictly  comparable. 

Finally,  another  tensile  creep  cosparison 
of  seven  alloys  (including  Ti-6A1-4V,  T»-7Al-4Mo, 
Ti-8Al-lHo-lV,  Ti-6Al-2Sn-4Zr-2Mo,  Ti -SAl-SSn-SZr, 

IHI  679.  and  Hylite  60)  was  made  by  Coyne  and 
Sparks  (•*).  As  shown  in  Figure  8, the  workers 
commented  that  of  the  alloys  in  this  grouping,  "the 
coapositions  which  appear  to  have  the  best  combin¬ 
ation  of  tensile  strength,  creep  resistance,  and 
creep  stability  are  the  Ti-6Al-2Sn-4Zr-2Mo  and 
Hylite  60.  Both  of  these  alloys  were  stable  sp  to 
1000  F  for  the  stresses  and  tines  investigated. 

The  Ti-SA!-SSn-SZr  alloy  also  showed  excellent 
creep  resistance  and  creep  stability;  however,  the 
tensile  strength  of  this  alloy  was  significantly 
lower  than  those  of  the  other  alloys. 


IgUmgUAL  ALLOY  PROPERTIES 
Ti-6Al-2Sn-4Zr-2Mo 

The  alloy  Ti-6Al-2Sn-4Zr-2Mo  is  produced  by 
TMCA,  and  only  data  supplied  by  THCA  in  References 
3  and  15  are  quoted  here.  The  forging  char¬ 
acteristics  of  the  alloy  are  rated  "fair  to  good" 
in  its  forging  range  of  1675  to  177S  F  by  Kyrsan- 
Gordon  engineers. (4)  A  coapressor-wheel  forging 
20.0  in.  in  diaaeter,  weighing  60  pounds,  with  a 
2-1/2-in.  rita  and  a  3/4-in.  web  has  been  described 
by  then. 

Rccocaended  Heat  Traataents 

Heat  treataents  recotaend ed  by  TMCA (3)  for 
bar  and  forged  sections  of  alloy  Ti-6Al-2Sn-4Zr-2Mo 


Sections  less  than  2-1/2-in.  disa  --1750  F/l 
hr,  AC  ♦  HOC  F/8  hr,  AC 

Sections  greater  than  2-1/2-in.  diaa  — 1650 
F/l  hr,  AC  ♦  1100  F/8  hr,  AC,  or  17S0  F/l  hr, 
AC  ♦  1100  F/8  hr,  AC. 

The  aanufacturer  states:  "The  1650  F  solution 
treatfient,  in  combination  with  an  1100  F,  8  hr 
stabilization  anneal,  provides  socewhst  higher 
tensile  strengths  at  rocn  and  elevated  temperatures, 
while  1750  F  solution  treatment  with  the  same  low 
tesperature  stabilization  anneal  results  in  superior 
creep  resistance  at  the  higher  tenperatu res,  in- 
proved  stability,  and  soaevhat  higher  rooa- 
teaperature  notched- stress- rupture  strength." 

Tensile  Properties 

The  ultisate  tensile  strength,  0.2  percent 
offset  yield  strength,  and  elongation  of  specimens 
taken  froa  a  forged  cospressor  wheel  are  3'nown  in 
Figure  9.  Data  on  this  curve  froa  Reference  3 
appear  nearly  identical  with  those  in  a  table  in 
Reference  15.  Reference  15  shows  that  there  is 
very  little  difference  in  the  properties  of  a  speci- 
oen  taken  on  a  bar  whose  axis  parallels  the  forging 
axis  and  one  whose  axis  is  in  a  radial  direction 
in  the  forging,  except  for  data  points  or.  reduction 
of  area  at  800  F.  Reduetion-of-area  data  and  rooa- 
tesprrature  notched-stress-rupturc  data  froa 
Reference  15  are  quoted  on  the  next  page.  Heat 
treatsent  of  this  forging  was  the  sane  as  for  that 
shown  in  Figure  9.  The  producer  guarantees  that 
this  alloy  will  exceed  a  170-ksi  5-hcur  roos- 
tenperature  notched-stress-rupture  requirraent. 

Similar  data  froa  Reference  15  illustrate 
the  higher  strengths  obtainable  with  another  heat 
treatnent:  1730  F/l  hr,  water  quench,  ♦  1100  F/ 

8  hr,  air  cool.  After  this  treatsent,  the  rooo- 
terperature  tensile  and  yield  strengths  were, 
respectively,  167.5  and  151.2  ksi  with  11  percent 
elongation,  while  the  comparable  data  at  1000  F 
were  114.9  ksi,  89.3  ksi,  and  22.3  percent.  Again, 
there  was  littic  difference  between  specicens  froa 
either  direction  in  the  forging.  The  faster  cooling 
(quenching)  increased  the  tensile  strength,  but 
is  said  to  decrease  the  creep  resistance. 

Creep  Strength 

A  Larsen-Miller  plot  of  creep  data  for  this 
alloy  with  both  of  the  above  recosnended  heat 
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Roon-Tesp 
Notched- Stress- 


Test 

Temp., 

Direction^ 

RA. 

Rupture  (Kt»4.0) 
Propertie 

F 

percent 

Stress,  ksi  Hours 

Rooa 

A 

38.2 

190  3.3 

R 

31.9 

190  2 

800 

A 

34.0 

P. 

57.2 

1000 

A 

64.5 

R 

63.1 

1100 

A 

63.2 

6-4.4 

fa)  A  designates  testing  on  bars  whose  axes  par¬ 
allel  the  forging  axis; 

R  designates  bars  whose  axes  are  radial 

directions  in  the  forging. 

treatsents  is  shown  in  Figure  10.  Typical  creep 
curves  are  shown  in  Figure  11. 

Elastic  Modulus 

The  tensile  modulus  of  elasticity  fren 
room  temperature  to  1000  F,  as  detersined  on  an 
experimental  lot  processed  to  1/2-in.  bar,  is 
shown  in  Figure  12. 

Ti-6Al-2Sn-4Zr-2Mo-Si 

Modification  of  the  basic  Ti-6A*-2Sn-4Zr-2Mo 
composition  by  silicon  additions  is  being  considered 
by  TMCA  as  a  aeans  of  improving  this  alley's  hot 
strength. (23)  Khile  neither  the  silicon  level  nor 
heat  treatsents  have  yet  been  opt ini  ted,  licited 
data  (see  Figure  13)  indicate  that  a  significant 
gain  in  creep  strength  of  this  alloy  can  be 
effected  by  silicon  additions  on  the  order  of  0.1S 
to  0.2S  percent.  Tables  4  and  S  present  some 
tensile  and  creep  properties  of  the  alloy  aodifi- 
cations  under  study  by  TMCA  and  also  illustrate  the 
effects  of  various  forging  and  heat  treatsents  on 
these  properties. 

Ti-5Al-5Sn-SZr 

The  forging  characteristics  of  Ti-S-5-3  have 
been  rated  as  "poor  to  fair"  over  the  range  of  1700 
to  180-3  F.  fa)  One  such  forgitg,  31. S  in.  in 
diameter,  weighing  662  pounds,  with  a  maximum 
section  size  of  13  in.  in  the  coupling  and  a 
minimum  of  1  in.  in  the  web, has  been  described  in 
the  literature. fa) 

The  alloy  is  of  interest  for  its  high  creep 
strength  and  stability  at  elevated  temperatures. 

The  Aerospace  Structural  Materials  Handbook(-O) 
states;  "Among  the  super-alpha  titanium  alloys 
under  current  (Dec.  1963)  evaluation,  it  is  by 
far  the  cost  stable,  its  Unit  of  stability  under 
stress  being,  for  example,  1100  F  (the  maximum 
temperature  studied  to  date),  whereas  the 
Ti-8Al-lMo-lV  shews  stability  to  950  F.” 

The  same  source  also  notes  that  while  the 
Ti-S-5-S  (sheet)  alloy  is  not  as  strong  in  tension 
tests  as  the  Ti-S-1-1  alloy  over  the  entire  tem¬ 
perature  range  to  1100  F,  the  former  is  considerable- 


stronger  in  creep.  "For  example,  the  stress  re¬ 
quired  to  produce  0.2  percent  creep  in  100  hours  at 
950  F  for  the  duplex-annealed  Ti-8Al-lMa-l alloy 
is  31  scsi,  whereas  for  the  mill  annealed  Ti-SAl-SSn- 
SZr  alloy,  the  stress  is  Si  ksi." 

Recommended  Heat  Treatments 

Either  a  simple  single  anneal  cycle  or  a 
duplex  anneal  is  recommended  for  the  Ti-5-S-5  alloy. 
For  forgings,  these  are  (a)  1650  F/$  hr,  AC,  or 
(b)  1750  F/l  hr,  AC  ♦  1300  F/S  hr.  AC.  The  first 
produces  the  highest  creep  strength;  the  second 
gives  sosewhat  higher  short-tiee  tensile  properties 
between  600  and  S00  F,  but  reduced  creep  properties. 
The  duplex  treatment  also  tends  to  produce  a  higher 
rupture  strength. (lb) 

Tensile  Properties 

Tensile  properties  of  compressor-wheel 
forgings  of  Ti-S-S-5  alloy  after  each  of  the  stove 
recocaended  heat  treatments  are  shown  in  Figures 
14  and  IS.  The  data  appear  to  represent  average 
strengths  of  rim  and  web  sections,  all  taken  in 
radial  directions. 

llnnotched -and  notched -stress -rupture  data 
of  compressor-wheel  forgings  from  the  sane  heat  are 
shown  in  Tables  6  and  7. 

Creep  Strength 

Creep  data  for  the  Ti-S-5-5  alloy  with  two 
different  conditions  of  heat  treatment  were  deter¬ 
mined  at  bSO,  950,  and  1050  F.(16)  Stress-versus- 
time  curves  from  these  data  were  established  and 
are  given  in  Tigurcs  16  and  17. 

clastic  Modulus 

Data  for  modulus  determinations  on  bar  of 
the  Ti-5-5-5  alloy  are  shown  in  Figure  13. 

Ti-7A1 - I2Zr 

Covne  and  Sparks, fa)  and  f.recnlcc  and 
3roadwel 1 (*6)  have  reported  fairlv  extensive  tests 
on  forgings  cf  this  alloy.  Coyne  and  Sparks  rated 
the  forging  characteristics  of  the  Ti-7-12  alloy 
as  "fair  to  good”  in  its  forging  range  of  1*00  to 
1800  F.  A  compressor-wheel  forging  was  reported 
to  have  a  wheel  diameter  of  31.5  in.,  a  weight  of 
668  pounds,  and  maximum  and  minimum  section  sires 
of  13  in.  in  the  coupling  and  !  in.  in  the  web, 
respectively. fa) 

Recctaendcd  Ilc3t  Treatments 

Two  heat  treatments  have  been  suggested  for 
the  Ti-7-I2  allov  a  simple  anneal,  ibOO  F/4  hr, 

AC;  and  a  duplex  anneal,  1*50  F  1  hr,  AC  ♦  1500 
F>8  hr,  AC.  In  general,  the  properties  cf  the  al  low- 
after  either  of  these  treatments  were  similar,  but 
the  duplex  1*00  F  1300  F  anneal  provided  a  slight 
rupture- strength  advrrtage  ever  the  wH-nie  loOC  F 
anneal. 

Tensile  Properties 

The  short-tine  cicvatcd- temperature  tensile 
properties  of  specimens  taken  from  a  21-1-2  x  1-1/2- 
inch  compressor-wheel  forgings  after  each  of  the 
recommended  heat  treatments  art-  shown  in  Figures 


4 


19  and  20.  The  specimens  fro®  which  the  data  were 
obtained  were  taken  from  both  radial  and  tangential 
sections  sn  the  rim  and  high-coupling  areas  and  the 
junction  of  coupling  and  wheel  nid-radius,  and  in 
a  few  instances  froa  the  small-coupling  area  of 
the  forging.  These  data  were  found  to  be  in  ex¬ 
cellent  agreement  with  similar  data  from  Reacti.e 
MetalsC^Oj  for  the  Ti-7Al-122r  alloy. 

Creep  Strength  and  Thermal  Stability 

Stress- rupture  data  from  Reference  16  are 
shewn  in  Table  8.  The  advantage  cf  the  duplex 
anneal  in  improving  stress-rupture  properties  is 
evident  froa  these  data.  However,  the  Larsen-Miller 
paraaeter-versus-stress  curves  for  creep,  given 
in  Figures  21  and  22,  indicate  that  only  a  slight 
advantage  is  gained  in  creep  properties  of  Ti-7-12 
alloy  by  the  use  of  '-he  duplex  anneal. 

Results  of  creep  tests  on  specimens  fria  a 
compressor-wheel  forging  at  another  laboratory  are 
shown  in  Figure  23. 

Table  9,  indicates  that  exposures  tc- 
elevated  temperatures  under  stress  have  little 
effect  on  the  subsequent  strength  at  room  tea- 
peraturc,  but  that  the  ductility  may  be  reduced. 

1M1  679 

(Ti-2.2SAl-113n-52r-lHo-0.2Si) 

As  noted  earlier,  this  alloy  was  originally 
devcloped  by  Imperial  Metal  Industries  Limited  at 
its  Kynoch  Kories  in  Birmingham,  England  and  is  also 
produced  in  the  United  States  by  TMCA,  who  holds  a 
license  froa  the  British  Company.  Kyman-Gordon  has 
noted  that  the  alloy  has  good  forgeabi lity . (24) 

Recommended  Heat  Treatments 

The  679  alloy  cay  be  solution  treated  from 
a  range  of  temperatures  between  1550  and  i675  F. 

As  a  1700  F  solution  temperature  is  approached, 
ductility  values  are  lowered  as  illustrated  by  the 
data  of  Table  10.  The  effect  of  cooling  rate  firm 
the  solution  temperature  is  particularly  important 
for  this  3lIoy,  with  fast  cooling  (as  by  water 
quenching)  being  favored  to  obtain  the  largest 
strength  increases  (see  Tables  11  and  12).  Con¬ 
sidering  these  points,  a  preferred  solution  treat¬ 
ment  of  1650  F  has  been  recommended U7)  with  holding 
times  to  1  hour  for  larger  sections.  Termination 
of  the  solution  treatment  by  water  quenching  is 
recommended  if  ligh  tensile  strength  is  the  re¬ 
quired  criterion.  If  improved  tensile  ductility 
and  elevated-temperature  creep  strength  are  the 
requirements,  air  cooling  froa  the  solution  tem¬ 
perature  may  be  desirable.  The  latest  (August  9, 
1966)  information  received  from  IMI  (Reference  25) 
states  that,  "Nowadays,  the  U.K.  industry  uses  ma¬ 
terial  of  substantial  section  in  the  solution 
treated,  oil  quenched,  and  aged  condition  with  a 
consequent  improvement  in  strength  levels." 

The  recommended  aging  treatment  is  24  hours 
at  930  F  followed  by  air  cooling. 

Tensile  Properties 

The  tensile  properties  of  forgings  cf  IMI 
679  alloy,  as  reported  from  four  independent  sources, 
are  shown  in  Figure  24.  The  differences  reported 
are  not  great,  although  very  large  forgings  have 
lower  strengths  than  smaller  oncs.(*^) 


Kyman-Gordon^4^  found  IMI  679  alloy  stock 
from  either  TMCA  or  IMI  identical  in  forgeability, 
and  also  found  that  the  properties  of  the  forgings 
were  practically  identical.  The  tensile  properties 
of  comprcssor-wheei  forgings  from  both  sources  are 
shown  in  Table  13. 

Lockheed(“6)  tested  specimens  cut  from  a 
modified  F-104  aft  fuselage  ring  fitting.  They 
found  only  minor  variations  in  tensile  properties 
with  grain  direction  or  location.  "The  IMI  alloy 
was  exceptionally  uniform  and  exhibited  a  minimum 
range  in  tensile  properties...  Values  of  elongation 
and  reduction  of  area  were  very  high  at  all  loca¬ 
tions  and  test  temperatures  in  the. ..forgings.  The 
lowest  values  measured  at  room  temperature  were... 
10.5  percent  elongation  and  30  percent  reduction 
of  area..." 

Notched-tensile  properties  of  IMS  679  forg¬ 
ings  at  room  temperature  are  shown  in  Table  14.  Al¬ 
though  the  theoretical  stress-concentration  factor 
(Kt)  is  not  the  same  in  the  two  types  of  forgings, 
the  differences  in  notched  strengths  are  so  great 
that  it  appears  that  the  oil  quench  following  solu¬ 
tion  heat  treatment  and  the  processing  in  the  iirst 
group  must  have  had  a  beneficial  effect  on  notched 
tensile  strength. 

Results  of  notch-time- fracture  tests  by 
Kyman-Gordon  are  shown  in  Table  15.(24)  Mcst  of 
the  same  data,  with  a  slightly  different  arrangement, 
are  included  in  Reference  17. 

Creep  Strength  and  Thermal  Stability 

Table  16  gives  creep  data  on  Alloy  679 
compressor  forgings  from  various  sources,  and 
Figure  25  shows  a  Larsen-Miller  pint  for  the  same 
material,  based  on  results  obtained  by  TMCA.d?) 
Stress-rupture  strengths  froa  TMCA  and  the  General 
Electric  Company  are  given  in  Table  17  and  Figure 
26,  respectively. 

The  stability  of  679  alloy  heat  treated 
in  the  form  of  jet-engine  compressor  wheels  has 
been  found  to  be  good  at  least  up  to  temperatures 
of  900  F  as  shown  by  the  data  given  in  Table  18. 
Instability  for  this  alloy  has  been  found  at  950  F 
and  1000  F  exposures  in  100  hours  or  less.  Since 
the  greatest  variation  in  stability  appeared  at 
950  F,  this  appears  to  be  the  threshold  temperature 
for  instability.  Results  of  tests  at  900  F  ex¬ 
posure  temperature  indicated  no  instability  for 
tines  up  to  1000  hours. 

Elastic  Modulus 

The  variation  of  clastic  modulus  with 
temperature  of  IMI  679,  as  reported  by  IMI,  is 
shown  in  Figure  27.  Determinations  of  modulus  at 
room  temperature  as  reported  by  other  laboratories 
arc  listed  below: 


Tension,  (.oeprr** 


{ort 

T 

reatmt 

1C* 

-Eli 

59*  r-si 

R»^rr«cf 

;-l  4  »n 

}t*Q  * 

1  Hr.  K.  • 

i: 

.’4 

>'0  » 

;i  hr. 

« s 

4 

19 

'er*m£ 

»*  /  i 

cool 

1  ir.  fan 

* 

i- 

.  4 

I" 

2b 

Hr.  U. 


oKa.ncJ  T jclcru*  (i(f 


IMI  680 


5 


(Ti-2.25Al-llSn-4Mo-0.2Si) 


Titanium  IMI  Alloy  680  is  a  heat-treatable 
forging  alloy  of  the  alpha-beta  type  for  which 
three  outstanding  properties  are  clained:!7) 

(a)  Very  high  strength  at  roon  tenperature 
--18S-195  ksi  typical  tensile 
strength 


Before  solution  heat  treatment.  the  forging 
should  be: 


(a) 

Shot  blasted  to  remove  oxide  scale  and 
pickled  to  reveal  any  forging  defects 

(b) 

Surface 

defects 

raisers 

dressed  locally  to  grind  out 
that  would  act  as  stress 
during  cooling 

then. 

(c) 

Solution  heat  treated  and  cooled 

(b)  Excellent  depth  hardenability-- 
specification  properties  can  be 
developed  throughout  sections  up  to 
8  inches  tuiek 


(d)  Aged 

(e)  Shot  blasted  and  pickled  again  to 
facilitate  final  inspection. 


(c)  Good  creep  properties  up  to  8S0  F. 

The  alloy  shows  less  than  0.1  percent 
total  plastic  strain  in  100  hours  at 
7S0  F  under  a  stress  of  80  ksi. 


A  stress-relief  treatment,  2-4  hours  at 
930  F,  is  recosnended  for  nachined  cocponents 
during  final  nachining  or  grinding,  preferably  when 
the  part  is  as  near  to  final  site  as  possible.!7) 


The  alloy  is  not  considered  to  be  weldable. 

The  manufacturer  clains  that  IMI  Alloy  680 
is  suitable  for  airfrane  structural  forgings  such 
as  undercarriage  conponents,  engine  nountings, 
wing-slat  tracks,  wing-attachnent  brackets,  and 
numerous  other  coapenen's.  It  nay  also  be  used  in 
other  applications,  such  as  turbine  or  compressor 
disks  and  blades  where  combinations  of  high-, 
roon-,  and  elevated-tenperature  tensile  strengths 
with  creep  resistances  up  to  730  F  are  required. 

Billets  for  forging  are  available  up  to 
12  inches  in  dianeter.  Bars  for  nachining,  either 
round  or  rectangular,  that  have  been  forged  and 
heat  treated  are  also  available.  However,  this 
aaterial  required  at  least  a  3:1  reduction  at  the 
recommended  forging  tenperature  to  achieve  the 
sininun  guaranteed  properties.!7)  The  nanufacturer 
states  that  it  is  necessary  to  forge  IMI  680  in 
the  alpha-plus-beta  field  and  recommends  a  pre¬ 
heating  tenperature  of  1600  F.  The  resistance  to 
deformation  lies  between  that  of  IMI  679  and 
Ti-6A1-4V  at  their  respective  forging  teeperatures . 
A  nininus  of  75  percent  reduction  in  the  alpha- 
plus-beta  field  is  required  to  achieve  good  duc- 
tiiity  in  the  forging.  Heating  above  the  rccon- 
nended  forging  tenperature,  particularly  during  the 
later  stages  of  forging,  leads  to  lower  property 
levels.!7) 

Becoaaended  Heat  Treatnents 

The  recommended  heat  treatnents  for  IMI  680 
depend  on  section  site  and  strength  level  desired. 
At  strength  levels  above  210  ksi  in  rod  and  200  ksi 
in  large  forgings,  the  ductility  suffers.  The 
recosnended  heat  treatnents  were  designed  to  give 
a  near,  tensile  strength  of  185-195  ksi  for  pieces 
up  to  4  inches  in  dianeter,  and  a  acan  tensile 
Strength  of  131-186  ksi  at  the  center  of  larger 
billets.  The  recosnended  heat  treatments  for 
forgings  (which  differ  soaewhat  froa  those  for 
bars)  arc  shown  in  Table  19. (7) 

Normally,  the  aging  treatcent,  24  hours  at 
930  F,  is  carried  out  before  nachining  operations. 
Therefore,  it  is  recosnended  that  the  forgings  be 
processed  as  shown  below  to  remove  major  defects 
that  night  act  as  stress  raisers  and  cause  crack¬ 
ing  during  rapid  cooling.  If  nachining  is  carried 
out  before  the  solution  heat  treatment,  Steps  (a) 
and  (b,  may  be  omitted. 


Tensile  Properties 

Typical  room-tenperature  mechanical  pro¬ 
perties  of  IMI  680  in  various  finished  sizes  are 
shown  in  Table  20.  The  effect  of  temperature  on 
a  fully  heat-treated  specimen  (size  and  heat  treat¬ 
ment  not  stated)  is  shown  in  Table  21.  Tables  22 
and  23  show  the  results  of  tests  on  forgings  for 
production.  The  compressor  disk  of  Table  22  was 
13  inches  in  dianeter  with  a  1-inch-thick  web. 
Evaluation  of  the  steering-arm  forging  (IS  inches 
long  x  6  inches  wide)  was  carried  out  in  a  French 
laboratory. 

Table  24  shows  the  effect  of  the  notch 
concentration  factor  on  the  notchcd-tensi le  strength 
to  tensile  strength  ratio  of  IMI  680  rod  heat 
treated  1470  F/l  hr.  h'Q  ♦  930  1724  hr,  AC.  The 
tensile  strength  of  the  rod  was  191.1  ksi. 

The  relation  between  the  notched  and  un- 
notchcd  strengths  of  IMI  680  after  various  solution 
treatnents  is  given  in  Table  25.  Increased 
tensile  strengths  were  produced  by  increasing  the 
solution-hcat-trcatcent  temperature.  Heat  treat- 
nent  was  carried  cut  on  1/2-inch-squarc  coupons 
cut  from  3:1  upset-forged  transverse  slices  from 
5-inch-diaaeter  billet.  Tr.e  coupons  wore  water 
quenched  from  the  solution-? rat -treatment  ten- 
peraturc  2nd  aged  for  24  hours  at  930  F  ard  air 
cooled. 

Creep  Strength  and  Thermal  Stability 

The  creep  strength  of  fuliv  heat  treated 
IMI  680  up  to  930  F  is  given  in  Table  26. 

Exposure  of  IMI  oSP  specimens  stressed  at 
34  ksi  for  300  hours  and  22  ksi  for  1000  hours  had 
no  apparent  effect  on  subsequent  room -temperature 
strength  or  ductility. 

Elastic  Modulus 

The  effect  of  temperature  on  the  clastic 
modulus  of  IMI  bSP  is  shown  in  Figure  28.  The 
curve  shows  a  decided  inflection  point  at  about 
250  F. 
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some  loss  of  tensile  ductility  occurs  after  ex¬ 
posure  tines  of  300  hours. 

Elastic  Modulus 


(Ti-6Al-5Zr-lW-0.2Si) 


All  of  the  available  information  on  IMI  EX 
684  coaes  fron  a  single  bulletin  issued  by  the 
manufacturer.^'  Presumably,  the  EX  in  the  identi¬ 
fication  number  indicates  that  the  alloy  was  still 
considered  experimental  when  the  bulletin  was 
issued  (March  21,  1966).  Provisional  specifica¬ 
tions,  converted  to  units  customarily  used  in  the 
United  States, are: 


The  dynamic  modulus  of  IMI  EX  684  is  shown 
as  a  function  of  temperature  in  Figure  29. 

IMI  EX  700 

(Ti-6Al-SZr-4Ho-lCu-0.2Si) 


125.4  icsi 

143.4  ksi 
89.6  ksi 

8  percent 
IS  percent 
1.3S  x  tensile 
strength 
Sot  more  than 
0.1  percent  to¬ 
tal  plastic 
strain  in  100 
hr  at  970  F 
under  stress  of 
44.8  ksi. 

The  optimum  recommended  forging  tempera¬ 
tures  for  IMI  EX  684  are: 


This  alloy  was  first  introduced with  the 
nominal  composition  of  Ti-6Al-5Zr-3Mo-lCu-0.2Si  as 
a  bar  and  forging  alloy  for  service  principally  in 
aircraft  gas  turbine  applications  at  temperatures 
to  800  F.  Subsequently,  it  was  found  that  this 
3  percent  molybdenum  version  "lacked  depth  harden- 
abiiity"  and  its  strength  "was  verv  dependent  on 
section  site  at  heat  treatment" OS) .  Consequently, 
the  alloy  was  improved  to  a  potentially  stronger 
composition  by  increasing  its  nominal  molybdenum 
content  to  4  percent  and  adjusting  forging  and 
heat  treatment  schedules  correspondingly. 

Forging  of  the  revised  IMI  EX  700  com¬ 
position  is  recommended  through  at  least  a  4:1 
reduction  at  1650  F.  Forging  should  be  discontinued 
when  the  temperature  falls  below  about  1470  F.  08) 


0.1  percent  proof  stress  (min) 
Tensile  strength  at  68  F  (min) 
Tensile  strength  at  970  F  (min) 
Elongation  on  4  y area  (min) 
Reduction  in  area  (min) 
Notched-tensile  strength  (Kt=3) 

Creep  strength 


For  heavy  reductions  1920  F 

For  slight  reductions  1795  F. 

"IMI  EX  684  has  an  unusually  wide  forging-temperature 
range  and  can  be  forged  in  both  the  alpha  +  beta  and 
the  beta  fields,  i.e.,  from  a  preheating  temperature 
in  the  range  1795  to  1920  F.  . .  .The  lower  tempera¬ 
ture  should  be  employed  when  only  small  reductions 
can  be  achieved.  It  is  recommended  that  forging  be 
discontinued  when  the  temperature  has  fallen  to 
1650  F."W 

Recommended  Heat  Treatment 

The  recommended  heat  treatment  for  IMI  EX 
684  consists  of  solution  treatment  at  1915  F  for 
1  hour  per  inch  of  cross  section,  and  cooling  in 
air  (thin  sections)  or  oil,  followed  by  aging  for 
24  hours  at  930  F,  and  air  cooling. 

Tensile  Properties 

Typical  roeo-tempcraturc  tensile  and 
notched- tensi le  properties  of  large  forged  com¬ 
pressor  disks  arc  shown  in  Table  27.  The  table 
also  shows  tensile  properties  at  970  F,  as  well  as 
100-hour  creep  strain  at  that  temperature.  There 
is  little  difference  in  tensile  properties  between 
the  disk  forged  at  1920  F  and  the  one  at  1800  F, 
but  the  creep  strain  is  definitely  lover  on  the 
latter.  Similar  tensile  data  from  two  smaller 
disks  are  shown  in  Tables  28  and  29. 

Creep  Strength  and  Thermal  Stability 

Almost  all  of  the  available  creep  data  on 
IMI  EX  684  are  shown  in  Tables  27  and  29.  A  few 
additional  data,  corresponding  to  the  tensile  data 
in  Table  78,  are  shown  :n  Table  30. 

The  effects  of  exposure  time  at  975  F  on  the 
room- temperature  tensile  properties  of  this  alloy 
arc  given  in  Table  31.  These  data  indicate  that 


Recommended  Heat  Treatment 

The  recommended  solution  temperature  is 
1520  F  or  1560  F  according  to  section  thickness 
of  the  part  as  follows: 

Section  Thickness,  inches  Solution  Temperature,  F 

Up  to  1-25,  inch.  1520 

1.25  to  2.0.  inch.  1560 

The  solution  treatment  time  should  be  not  less  than 
1  hour  for  each  inch  of  section  thickness  and  this 
treatment  should  be  terminated  by  oil  quenching. 
Aging  should  consist  of  a  24  hour  soak  at  930  F 
followed  by  air  ccoling. 

"There  is  some  evidence  that  on  occasions 
the  ductility  and  notched-tensile  strength  of 
material  heat  treated  at  1S20-1S60  F  are  low.  It 
has  been  found  that  an  extra  4  hours  at  solution 
heat  treatment  temperature  can  improve  both  (see 
Table  32). "(18)  Accordingly,  the  5  hour  solution 
treatment  tine  is  suggested  if  poor  ductility  and 
low  notched-tensile  properties  are  encountered. 

Tensile  Properties 

The  available  tensile  property  data  on 
revised  IMI  EX  700  alloy  composition  are  given 
in  Table  33. 

IMI  550:  Hi' LITE  50 

(Ti-4Al-2Sn-4Mo-0.SSi) 

As  noted  earlier,  the  Hylite  50  alloy  is  an 
alpha-beta  alloy  that  was  developed  originally  by 
Jessop  as  a  compressor  disk  or  blade  material  and 
is  now  being  produced  by  IMI.  The  alloy  has  also 
found  application  in  structural  components. 
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Recommended  Heat  Treatment 

The  effects  of  section  site  and  cooling 
rates  on  roon-tenperature  strength  and  elongation 
of  Hylite  50  bar  stock  are  shown  in  Table  34.  The 
recommended  heat  treatment  for  Hylite  50  is  to  hold 
the  alloy  at  1650  F  for  1  hour  per  inch  of  section 
thickness,  followed  by  sir  cooling  and  then  age 
for  24  hours  at  930  F.  (29)  Childul)  notes  that 
controlled  slow  cooling  (10  F  per  second,  maximum, 
over  the  critical  range  1650  tc  950  F)  is  essen¬ 
tial  for  small  forgings  (compressor  blades)  to 
maintain  sufficient  bend  ductility. 

Tensile  Properties 

The  effects  of  temperature  on  tensile 
properties  of  Hylite  50  bar  stock  were  shown  in 
Figures  3  and  4.  Additional  data  on  the  tensile 
properties  of  Hylite  SO  forgings  are  given  in  Table 
35. 

Creep  Strength 

Table  36  shews  the  stress  required  to 
produce  0.1  percent  plastic  strain,  and  that  re¬ 
quired  to  produce  rupture,  at  selected  times  and 
temperatures,  in  forged  bar  material.  The  material 
was  in  the  solution-treated  and  aged  condition. 
Child(21)  gave  the  stress  required  to  produce  0.2 
percent  strain  in  300  hours  as  ICO  psi  at  700  F 
and  24  ksi  at  900  F. 

Elastic  Modulus 

The  modulus  of  elasticity  in  tension  of 
Hylite  SO  over  the  temperature  range  from  room 
temperature  to  1100  F  is  shown  in  Figure  30. 


1MI  551:  HYLITE  51 
(Ti-4Al-4Sn-4flo-0.SSi? 

The  titanium  alloy  Hylite  SI  is  a  modifi¬ 
cation  of  the  alloy  Hylite  50,  designed  to  have 
higher  strength  then  the  older  alloy  with  similar 
creep  properties.  This  was  accomplished  by  in¬ 
creasing  the  tin  content  of  the  alloy  from  2  per¬ 
cent  to  4  percent.  It  is  recommended  for  aircraft 
structural  components  and  other  highly  stressed 
applications.  As  discussed  earlier,  this  alloy  is 
now  available  only  from  IM1  under  the  designation 
IMI  551. 

Recommended  Heat  Treatment 

The  recommended  heat  treatment  for  Hylite 
51  is  to  anneal  at  1650  F  for  1  hour  per  inch  of 
cross  section,  followed  by  cooling  in  air  or  oil 
(usually  air),  and  age  24  hours  at  930  F.(291 
Bars,  forgings,  etc.,  are  normally  supplied  in  the 
heat-treated  condition. 

Tensile  Properties 

Typical  tensile  properties  of  Hylite  SI  bar 
stock  at  various  temperatures,  and  of  a  3- inch- 
square  billet  at  room  temperature,  arc  shown  in 
Tables  37  and  38.  The  source  notes  that  there  is 
little  difference  between  longitudinal  and  trans¬ 
verse  properties  on  a  3- inch-square  billet. 


The  tensile  strength  developed  in  samples 
from  a  250-pound  aircraft  structural  forging, 
heat  treated  after  machining,  is  shown  in  Table 
39.  This  pie*"*  was  annealed  for  3  hours  at  1650  F, 
air  cooled,  and  aged  at  930  F  for  24  hours.  The 
Vickers  hardness  after  heat  treatment  was  308  to 
404  in  the  center  and  411  to  425  near  the  edge. 

Creep  Strength 

Table  40  shows  the  stress  required  to  pro¬ 
duce  0.1  percent  plastic  strain  at  various  tines 
and  two  temperatures. 

Elastic  Modulus 

The  tension  modulus  of  Hylite  SI  is  shown 
in  Figure  31  for  two  conditions.  Water  quenching 
after  annealing  and  before  aging  increases  the 
modulus  about  1,000,000  psi  over  air  cooling  at 
the  sane  stage  in  the  heat  treateent. 


ilYLITE  55 

(Ti-3Al-6Sn-52r-0.5Si) 

Hylite  SS  is  describedfll)  as  an  alloy 
"suitable  for  blading  and  compressor  disc  material 
for  high  duty  conditions,”  being  superior  in  creep 
strength  to  Hylite  50  above  660  F. 

Recomaended  Heat  Treatment 

Ears,  rough -machined  discs,  and  forgings 
arc  supplied  in  the  fullyheat'treated  condition 
which  consists  of  normalizing  at  1850  F  and  aging 
for  24  hours  at  930  F.(H) 

Tensile  Properties 

Typical  tensile  properties  obtained  on  bar 
stock  of  this  alloy,  with  an  average  loading  rate 
of  4,480  psi,  ara  given  in  Figure  32. 

Creep  and  Rupture  Strength 

The  available  creep  and  stress-  rupture 
strength  data  for  Hylite  55  bsr  stock  are  summar¬ 
ized  in  Table  41. 

Elastic  Modulus 

Table  42  gives  Young's  tensile  modulus 
value,  of  Hylite  55  from  70  to  1290  F 

!<VLITE  60 

(Ti -3AI-6Sn-53r  2Vo-0.5Si) 

The  Hylite  60  alloy  is  rccomc-.ded  for 
compressor  d>sk«  and  other  highly  stressed  com¬ 
ponents  for  use  at  temperatures  up  to  930  F.  The 
alloy  is  weldable  and  Covne  and  Sparks--5*  have 
rated  the  forgeability  of  this  alloy  over  the 
forging  range  1650  to  1*50  F  as  "fair  to  good”. 

Recommended  Heat  Treatment 

The  recomaended  heat  treatment  for  the 
liyiite  60  alloy  is  to  anneal  3t  1830  F  for  1  hour 
per  inch  of  cress  section,  air  cool,  and  3ge  24 
hours  at  1020  F.  air  cool.  Bars,  billets,  and 


forgings  are  normally  supplied  in  the  heat- 
treated  condition.no) 


S 


HYLITE  65 


Tensile  Properties 

T>-pical  short-tize  0.20  percent  yield 
stress,  ultimate  tensile  strength,  elongation, 
xnd  reduction  of  area  of  Hylite  60,  bar  stock 
froa  rooa  tezperature  to  1300  F,  are  shewn  in 
Figure  33.  The  average  rate  of  loading  in  ob¬ 
taining  these  data  was  4480  psi  per  ainute. 

Kynan-Gordon  forged  a  10.0-inch-diaaeter 
coapressor  wheel  of  this  alloy  weighing  35 
pounds,  having  a  zaxinua  section  site  of  2  inches 
m  the  hub  and  a  ninusua  of  3/4  inch  in  the 
web.(^)  Typical  tensile  properties  froa  this 
forging  are  given  in  Table  43. 

Creep  Strength  and  Theraal  Stability 

Jessop-Saville  recently  (March,  1966) 
published  the  creep  property  data  given  in  Table 
44.  The  results  of  500-hour  creep  tests  are 
suanariced  in  Table  45.  The  speciaens  for  these 
tests  were  taken  froa  5/8-inch-diaaeter  bar, 
swaged  froa  1 . 7- inch-diazeter  rolled  rods. 

Coyne  and  Sparks W  have  given  the  "typi¬ 
cal  stress- rupture  value"  for  heat-treated*H> lite 
60  unacr  a  70-ksi  load  at  1000  F  to  be  255  hours. 

These  sane  workers reported  the  pest 
creep  tensile  results  given  in  Table  46,  after 
exposures  of  150  hours.  Exc-.  t  at  1020  F,  there 
was  no  loss  in  ductility,  while  the  strength  in¬ 
creased  m  all  cases. 

Elastic  Modulus 

The  tensile  codulus  of  Hylite  60  at 
temperatures  froa  70  to  1290  F  is  shown  in 
Figure  34. 


fTi-3Al-5.5Sn-5.SZr-0.Syo-0.55ii 

The  titaniua  alloy  Hylite  65  is  a  new  codi¬ 
fication  of  Hylite  60.  The  alloy  has  been  de¬ 
scribed  as  "a  weldable  aediua-strength  alloy  with 
excellent  resistance  to  creep, and  developed  for 
service  at  tenperatures  up  to  1000  F.  It  is  in¬ 
tended  for  use  in  advanced  jet  engine  coapressor 
components  such  as  discs,  spacers  and  blades,  and 
other  applications  where  l.igh-teaperature-creep 
strength  and  weldability  are  required."(10) 

Recoaaended  Heat  Treatment 

The  reconaer.ded  heat  treatsent  for  Hylite 
65  is  the  sane  as  that  for  Hylite  60:  1830  r  for 
1  hour  per  inch  of  cross  section,  air  cool,  age 
24  hours  at  1020  F,  air  cool. 

Tensile  Properties 

The  mechanical  properties  of  Hylite  65  are 
shown  in  Table  47  in  the  tesperature  range  froa 
70  to  1290  F.  In  general,  they  aooear  to  be 
sicilar  to  those  of  Hylite  60  --slightly  lower  over 
cost  of  the  temperature  range  but  higher  st  the 
highest  tenperatures. 

Creep  Strength  and  Theraal  Stability 

Creep  properties  of  Hylite  65  determined 
froa  tests  on  1-inch-dianeter  bar  are  shown  in 
Table  48.  United  tests  are  said  to  have  shown 
no  evidence  «f  serious  thermal  instability,  f1*5' 

Elastic  Modulus 

Tiu  tensile  nodulus  of  Hylite  6S  is 
shown  in  Figure  35. 


1830  F/l  hr,  AC  ♦  1020  F/24  hr,  AC. 
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FIGURE  4.  ELONGATION'  AND  REDUCTION  OF  AREA  OF  12  TITANIUM 
ALIOYS 


Note:  See  Figures  1-3  for  references  and  heat 
treataents  used. 
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FIGURE  6.  STRESS  TO  PRODUCE  0.1  PERCENT  TVIAl 
PLASTIC  STRAIN'  IN  300  HOURS  IN  IMI  679 « 
AND  IN  100  HOURS  Vi  IMI  6£0(3)  AM)  EX 


0.2  Percent  Creep  Deforaation 
Ccnpressor-Kheel  Forgings 
Density, 
lb/cu 

Alloy  in-  Heat  Treatnent 

Ti-6A1-4V  0.160  Annealed  1300  F/2  hr, AC 

Ti-8Al-lMo-lV  C-.1S8  1850  F/l  hr.AC  ♦  1100  F/8  hr, AC 

Ti-679  0.174  1650  F/l  hr.AC  «  930  F/24  hrs.  AC 

Ti-6Al-2Sn-  0.164  *1750  F/l  hr.AC  ♦  1100  F/8  hr.AC 

4Zr-2Ho  ol650  F/l  hr.AC  ♦  1100  F/8  hr.AC 

Ti-7Al-122r  0.164  1600  F/4  hr.AC 

FIGURE  5.  LARSON-MILLER  PLOT  OF  0.2  PERCENT  CREEP 
DEFORMATION  FOR  VARIOUS  ALLOYS(1S,20) 
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FIGURE  7.  STRESS  TO  PRODUCE  0.2  PERCENT  CREEP 
STRAIN  IN  300  HOURS  VS  TEMPERATURE, 

5/8* IN.  DIAMETER  BAR  STOCKED 
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FIGURE  8.  LARSEN-MILLER  PLOT  FOR  0.2  PERCENT 
PLASTIC  DEFORMATION'  FOR  SEVERAL  TITANIUM 
COHPRESSOR-KHEEL  ALLOYS (4. 22) 
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FIGURE  10.  LARSON'-MI LIES  PRESENTATION'  OF  CREEP 
DATA  FOR  BAR  AND  FORGED  SECTION’S  OF 
Ti-6Al-2Sn-42r-2Mo(3) 
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FIGURE  9.  ROOM-  AND  ELEVATED- TEMPERATURE  TENSILE 
PROPERTIES  OF  7i-6Al-2Sn-42r-2Mo  FORGED 
COMPRESSOR  XUEEL(3) 


Time,  hr 

FIGURE  11.  TYPICAL  CREEP  CURVES  FOR  Tj-6Al-2Sn 
4Cr-2Mo  FORGED  SECTIONS  EXPOSED  AT  900  F 
AND  SO  KSI (3) 


Temperature ,  F 


FIGURE  12.  STATIC  MODULUS  OF  ELASTICITY  OF  Ti- 
6Al-2Sn-4Zr-2Mo  VS  TEMPERATURE f-s) 

(1/2-in.  Bar,  167S  F/  1/2  hr,  AC  ♦  1100  F/ 
8  hr.  AC) 


FIGURE  13.  LARSOS-MILLER  PLOT  OF  0.1  PERCENT 

CREEP  DEFORMATION  FOR  SELECTED  ALLOYS (23) 


Temperature ,  F 


FIGURE  14.  SHORT-TIME  ELEVATED-TEMPERATURE  TEN 
SILE  PROPERTIES  OF  Ti-5Al-SSn-5Zr  FROM 
COMPRESSOP.-XKEEL  FORGING;  ANNEALED  26SO 
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FIGURE  IS.  SHOUT- TIME  ELEVATED-TEMPERATURE  TEN¬ 
SILE  PROPERTIES  OF  Ti-SAl-5Sn-S2r  FROM 
COMPRESSOR-WHEEL  FORGING;  DUPLEX  ANNEALED 
1750  F/l  HR,  AC  »  1300  T/S  HR,  AC<16> 


FIGURE  16.  STRESS-VERSUS-TIVi  CURVES  FOR  CREEP 
DEFORMATION  IN  Ti-SAl-SSn-Sir  FROM 
COMPRESSOR- WHEEL  FORGING;  ANNEALED 
1630  F/4  HR,  AC<16> 


FIGURE  17.  STRESS-VERSUS-TIME  CURVES  FOR  CREEP 
DEFORMATION  IN  Ti-SAl-SSn-SZr  FROM 
COMPRESSOR-NHEEL  FORGING;  DUPLEX  ANNEALED 
l'SO  F/l  HR.  AC  -  1300  F/8  HR,  ACU6) 


FIGURE  18.  '10DULUS  OF  ELASTICITY  OF  Ti -SA1 -SSn-SCr 
ALLOY  SAR{5) 


Section  sire:  1/2  in.  thick  x  1-1/8  in.  wide 
Heat  treatnent:  1650  F'2  hr,  AC 


Ductility ,  percent  Strength,  Ksi  Ductility,  percent  Strength ,  ksi 
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IGURE  19.  SHORT-TIME  ELEVATED- TEMPER*  FUSE  TEN¬ 
SILE  PROPERTIES  OF  Ti-7Al-122r  FRO! 
COMPRESSOR-WHEEL  FORGING,  ANNEALED 
1600  F/4  HR,  AC^16^ 
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FIGURE  21.  LARSEN-MILLER  PARAMETER-VERSUS-STRESS 
CURVES  FOR  CREEP  IN  Ti-7Al-12Zr  FROM 
COMPRESSOR-WHEEL  FORGING,  ANNEALED  3600  F/4 
HR,  AC06) 
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FIGURE  20.  SHORT-TIME  ELEVATED- TEMPERATURE  TEN¬ 
SILE  PROPERTIES  OF  Ti-7Al-52Zr  FRGM 
COMPRESSOR-WHEEL  FORGING,  DUPLEX  ANNEALED 
17S0  F'l  HR,  AC  ♦  1300  F/8  HR,  AC(16> 


FIGURE  22.  LARSEN-MILLER  PARAMETER-VERSUS-STRESS 
CURVES  FOR  CREEP  IN  Ti-7AI-12Zr  FROM 
COMPRESSOR-WHEEL  FORGING,  DUPLEX  ANNEALED 
1730  F/l  HR,  AC  *  1300  F/8  HR,  AC(J6) 


Elongation  and  Rsductlon  of  Area, percent 


emperoture ,  F 


Modulus 


Young  s  Modulus , 


FIGURE  34.  EFFECT  OF  TEMPERATURE  OS  THE  YOUNG ‘5 
MODULUS  OF  Iff  LITE  60(10) 
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TABLE  1.  NOMINAL  COMPOS  I TIO\S  OF  TITANIUM  ALLOYS 


N'oainal  Alloy  Content,  percent  by  weight 
Producer  Identification  Ai  Sn  Zr  So"  Cu  Si  K 


TMCA,  RMI 

Ti-6-2-4-2 

6 

TMCA 

Ti-5-S-S 

5 

TMCA 

Ti-7-12 

7 

IMI ,  TMCA 

679 

2.25 

IHI 

680 

2.25 

IMI 

EX  684 

6 

IMI,  . 

IHI  a 

IMI 

EX  ’00 

6 

IMI  550  Hylite 

50 

4 

IMI  SSI  Hylite 

51 

4 

(5) 

Hylite  55 

3 

(al 

Hylite  60 

3 

(A) 

Hylite  65 

3 

2  4  2 

5  S 

12 

0.2 
0.2 

0.2  I 
1  0.2 
0.5 
0.5 
O.S 
0.5 
0.5 


11  5  1 

11  4 

5 

5  4 

2  4 

4  4 

6  5 

6  S  2 

5. 5  5.5  O.S 


(a)  These  alloys  were  developed  and  for-erly  produced  by  Jesscp-Savi  lie  Liaitea 
who  recently  sold  all  of  their  titanium  interests  to  Icperial  Metal  In¬ 
dustries.  Lisited  (IHI);  See  text. 


TABLE  2.  SELECTED  PHYSICAL  PROPERTIES  OF  TITANIUM  ALLOYS 


Alloy 


Density 
g/ca5  lb/in. ^ 


Coefficient  Electrical 
of.Expansion,  Resistivity, 
10°  in./in./F  aicroha-ca 


Thermal 

Conductivity, 

3tu/ft*/hr/F/in.  Reference 


Ti-6-2-4-2 

4.S4 

0.164 

4.5? 

600tol000  F 

-- 

-- 

5 

Ti-S-S-S 

4.60 

0.166 

-- 

-- 

55? 

120  F.  90?  1GOO  F 

~.s 

Ti-7-12 

4.56 

0.165 

-- 

-- 

-- 

4 

IMI  679 

4.84 

0.175 

4.958  122to300  F 

165?  100  F 

45? 

52  F,  82?  800  F 

6 

IMI  680 

4.84 

0.175 

5.1* 

70  to  570  F 

165.5?  32 

F 

49? 

70  F,  88?  SO 0  F 

/ 

IMI  EX  634  4. 48 

0.162 

5.5? 

70  to  1110  F 

-- 

-- 

8 

IMI  EX  709la,4.S4 

0.164 

5.6? 

70  to  932  F 

-- 

-- 

9 

Hylite  50 

4.60 

0.166 

5.6# 

70  to  1110  F 

— 

55? 

120  F,  SI?  750  F 

11 

Hylite  51 

4.60 

0.166 

S.4? 

70  to  1110  F 

169.9?  68 

F 

46? 

70  F,  7S3  759  F 

10 

Hylite  55 

4.76 

0.172 

5.3? 

70  to  1290  F 

150.7?  63 

F 

49? 

70  F,  84?  750  F 

11 

Hylite  60 

4.65 

0.163 

5.8? 

70  to  1290  F 

153.0?  68 

F 

49? 

70  F,  84?  750  F 

11 

Hylite  65 

4.68 

0.169 

5.7? 

70  to  1290  F 

154.0?  6S 

F 

52? 

70  F.  7S?  7S0  F 

10 

Ti-6A1-4V 

4.424 

0.160 

5.5? 

32  to  1200  F 

171?  68  F 

48# 

130  F,  S3?  890  F 

12 

Ti-5Al-2.5Sn 

4.49 

0.162 

5.5? 

200tol200  F 

155?  6S  F 

48? 

ICO  F,  S6#  S00  F 

13 

Ti-SAl-lMo- 

4.37 

0.153 

6.0? 

68  to  1112  F 

198.6?  75 

F 

41.: 

5?  75  F.  77?  SOO  F 

14 

IV 


(a)  The  property  values  cited  were  actually  reported  for  the  earlier  Ti-6Al-5Zr-3Mo 
lCu-0.2Si  version  of  this  alloy. 


TABU  3 
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ROOM- TEMPERATURE  TENSILE  PROPERTIES 


Alloy 

llltisate 

Tensile 

Strength, 

psi 

Yield 

Strength 

0.2  Percent  Offset, 
psi 

Elongation, 

percent 

Reduction 
of  Are*, 
percent 

Notes, 

Site 

and 

Condition 

Refer¬ 

ence 

Ti-6-2-4-2 

152,600 

140. S00 

20.0 

41.2 

(*) 

15 

133,600 

121.500 

16.0 

30.2 

(b) 

15 

136.300 

119,900 

1S.0 

26.0 

(c) 

15 

T1-5-S-5 

131.000 

121.000 

13.0 

41.0 

(d) 

5 

125.000 

117,500 

1S.0 

37 

(d) 

5 

130.000 

122.000 

16  0 

38.6 

(e) 

5 

Ti-7-12  forging 

137,000 

121.000 

22 

36 

(b) 

16 

133,000 

122.000 

22 

34.5 

(!) 

16 

IHI  679 

159.000 

143,400 

IS 

41 

0-3 

6 

177,000 

150,000 

13 

35 

(i) 

6 

TOCA  Alloy  679 

163,500 

146.200 

16.7 

46 

O) 

17 

1M1  6 So  (billet) 

133.000 

152.400 

10 

30 

00 

7 

136.000 

154,000 

8.S 

24 

(1) 

7 

!M1  El  634 

150.000 

132,000 

I 

21 

(u) 

S 

IHI  EX  700 

209.500 

133.300 

9.3 

21 

(n) 

18 

Hylxte  50 

179,000 

162.500 

ISO 

40-5 

(O) 

11 

Kylite  55 

!29.900 

117,400 

16.2 

29. 4 

(p) 

:i 

Hylite  60 

1S6.1O0 

135.200 

13.5 

17.0 

(?) 

n 

Ti-6A1-4V 

146.500 

134.000 

1S.0 

33.8 

(q) 

19 

147.500 

132.000 

22.0 

46.6 

(r) 

19 

Ti-5Al-2.SSn 

141.6C3 

127,500 

17 

39 

(*) 

13 

142,600 

137.300 

18 

15.4 

(t) 

13 

Tt-SAl-lMo-lV 

136.500 

124,500 

19.0 

24.4 

(u) 

19 

133,000 

118.100 

20.5 

27.3 

(v) 

19 

150.000 

120.000 

10 

25 

(*> 

14 

(a) 

ib) 

Cc) 

(4) 

(e; 

(f) 

u> 

(h) 

u; 

(j) 

(l! 

(») 

(a) 

(o) 


(?) 

(ni 

(r) 

(J) 

ft) 

'u! 

(vi 


1- 1/S -in. -diaa.  speciaen  fron  I-l/S-in.  squire-rolled  bar.  annealed  1650  F/l  hr.  air  tooled  •  1100  F/3 
hr,  air  cooled. 

2- 1/4  in.- diaa.  speciscn  froa  2-1/4-in.  square-rolled  bar.  annealed  1650  F/l  hr,  air  cooled  ♦  1100  F/S 
hr.  air  cooled. 

2- 1/4  -  in.- , tan.  specimen  froa  2-1/4-in.  square-rolled  bar,  annealed  1750  F/l  hr.  air  cooled  •  1100  F/5 
hr.  a»r  cooled. 

Tests  on  bar  stock  from  two  heats  performed  by  IRCA  and  reported  by  Southern  Research  Institute,  sites 
and  heat  trestnents  not  given. 

Averages  of  tea  evaluations.  Heat  treatcent  16S0  F/2  hr,  air  cooled. 

Average  of  six  specisens.  both  radial  and  tangential,  froa  forged  cccpresser  wheul.  Heat  treated 
lfcCO  F/4  hr.  air  cooled. 

Sane  as  (h).  except  heat  treated  1750  F/l  hr,  air  cooled  ♦  1500  F/£  hr.  air  cooltd- 

Typieal  properties.  Yield  at  0.1  percent  proof  stress,  elongation  on  Virea.  so.ution  treated  at 

1630  F.  air  cooled,  aged  930  F/24  hr. 

Sane  as  (1)  except  oil  quenched  after  solution  treatsent. 

Average  of  two  specisens  solution  treated  at  1650  F,  air  cooled,  aged  930  F/24  hr,  air  cooled. 

Average  of  seven  longitudinal  specisens  fron  3-m.  billet.  Yield  at  0  1  percent  proof  stress. 

Solution  treated  1510  Fr  aged  930  F/24  hr. 

Average  of  seven  transverse  specisens  ft»  sane  billet  as  (e).  _ 

Typical  properties.  Yield  at  0.1  pereenl  proof  stress,  elongation  on  4  ,/area,  solution  treated  1910  . , 
3/4  hr,  air  cooled  •  930  F/24  hr,  air  cooied 

Average  of  sanples  tales  it  various  locations  free  a  >— 1/2  in .  thicl  upset  forging,  solution  treated 
1  hr  at  1560  F,  oil  quenched,  aged  2a  hours  at  930  7.  and  air  cooled.  _ 

Typica'  properties.  v:i;i  av  o.2  percent  proof  stress,  elongation  on  -i^rea.  1-tn  -iiu.  rolled  bar 
norm! iced  and  aged.  Specific  heat  trestoent  r-ot  specified,  but  believed  to  consist  of  -'em! icing 
t,e»tnent  at  :e50  F,  air  cooled.  -  agin;  930  F'ii  hr.  air  cool. 

Sane  as  { r; ,  escept  usual  h««t  treetcent  is  aorsaiicieg  at  1 830  F,  asr  cool  -  aged  530  F/24  hr.  etr 

cool 

One  in. -diaa.  bar  stoch  (average  of  two  tests),  heat  treated  1400  F/2  hr,  air  cool . 

Sar  stock.  2-1,4  m.  diaa.  (average  of  tve  tests),  heat  treated  1656  F/l  hr,  air  cooled  ♦  930  r/24  hr. 
air  cooled. 

Averages  of  two  tests  on  one  annealed  3/4 -in  -dlan.  bir. 

Averages  of  one  test  on  each  of  three  oars,  condition  not  shown. 

Average  of  two  tests  on  1.6  x  1  9-in.  bat  steel.  Heat  treataent  1650  F.'l  nr.  air  c-ol  •  1 100  F/S  hr. 

cir  cool 

Average  of  two  tests  on  1.6  x  1.9  in.  bar  stock.  Heat  treataent  1550  F/l  hr  xir  coo)  •  HOC  T>t  hr. 
air  cool. 

7VCS  guaranteed  siniauo  tensile  properties  at  rocs  tenperature  on  bar  stool  up  to  and  ircludm;  4  »q 
:r..  Cists  ire  based  on  either  sieple  or  duplex  annealing. 
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TABLE  4.  TENSILE  AND  CREEP  STABILITY  PROPERTIES  OF  FORGED  Ti-6Al-2Sn-4Zr-2Mo-0. ISSi  BAR  STOCIC(23)  . 


Hammer  forged  from  3-3/8-inch  square  to  2-1/4-inch  square  as  indicated  and  annealed  as 
7-inch-long  full  sections. 


Test  Direction  and 
Location 

Test 
Temp,  F 

Creep  Exposure 

fal 

Deformation/  ' 
percent 

Ultimate 

Strength, 

ksi 

0.2%  Offset 
Yield 
Strength, 
ksi 

Elong. , 

% 

RA, 

% 

Forced  from  17S0  F  and  annealed 

at 

1875  F,  1  hr.,' 

AC  ♦  1000 

F,  8  hr  . 

Outside,  longit. 

75 

None 

145.1 

123.1 

23.3 

Outside,  longit. 

1000 

None 

-- 

100.0 

77.8 

1S.51  * 

41.1 

Outside,  longit. 

75 

850  F/70  ksi/150  hr 

0.44 

142.2 

131.7 

8.5 

16.8 

Outside,  longit. 

75 

1050  F/30  ksi/150  hr 

0.51 

146.4 

136.9 

6.5 

9.4 

Center,  longit. 

75 

None 

— 

148.2 

126.7 

13.0 

15.3 

Outside,  trans. 

75 

None 

— 

147.6 

126.3 

11.0 

20.4 

Center,  trans. 

75 

None 

— 

143.2 

120.3 

10. S 

19.0 

Forued  from  1900  F  and  annealed 

at 

1750  F,  1  hr., 

AC  ♦  1000 

F,  8  hr  . 

Outside,  longit. 

75 

None 

141.7 

122.6 

30.1 

Outside,  longit. 

1000 

None 

— 

98.4 

75.1 

20. 0l  ‘ 

51.6 

Outside,  longit. 

75 

850  F/70  ksi/150  hr 

0.39 

143.7 

130.4 

15.0 

22.7 

Outside,  longit. 

75 

1050  F/30  ksi/150  hr 

0.41 

146.6 

130.0 

13.0 

16.2 

Center,  longit. 

75 

None 

— 

139.3 

121.9 

32.7 

Outside,  trans. 

75 

None 

144.1 

122.4 

U.51 

26.8 

Center,  trans. 

75 

None 

" 

138.1 

116.9 

13.0 

30.7 

(a)  Values  determined  from  Vickers  impressions. 

(b)  Broke  at  end  of  gage  length. 


TABLE  Y.  TENSILE  ANn  CREEP  STABILITY  PROPERTIES  Or  Tt.*>AI-ISn-IZf -iMo-0  TYSi<-U 


Nominal 

Forging 

T emp.  .  F 

Heat 

T  rtatment^** 

Ultimate 

Strength. 

hat 

0.  2%  Ofl«ei 

Yield 

Strength,  ha 

Elen* 

% 

deduction 
in  Area. 

% 

E« 

Streaa 

V*i 

poture 

Temp. , 
F 

Time  to  Deformation,  hr 
0.1%  0.2% 

Total 

Time. 

hr» 

haattc 

Def.. 

percent 

Intimate 

Strength, 

fcti 

0.2%  Offset 
Yield 

Strength.  Ill 

Elon¬ 

gation. 

% 

Reduction 
In  Area. 

1740 

P  Triple* 

141  R 

1d4  £ 

I  A 

II  H 

55 

900 

2* 

2*0 

115 

0.  174 

141.4 

112  * 

7.0 

11  7 

145  2 

12*. b 

10  0 

14  4 

14 

1000 

65 

155 

154 

0.  200 

144.  1 

117.4 

7  5 

9  4 

l«M 

» / #•  Duple* 

I4R  5 

1  10.0 

11  5 

24  5 

55 

900 

70 

774<bl 

404 

O  140 

142  0 

1 15.0 

12  0 

21  2 

145  .6 

Mb  .  4 

11  O 

20  4 

14 

1000 

100 

224 

24 1> 

0  1*0 

148  h 

m* 

110 

14  | 

|R40 

P  Triple* 

141  4 

122.0 

10  5 

20.  4 

11 

900 

21 

140 

412 

0.  210 

141.4 

127  4 

10  0 

16.  1 

142  2 

1240 

10  5 

21. 7 

15 

1000 

50 

20A 

217 

0  240 

142  6 

124  4 

9.0 

114 

144  R 

120.  O 

11  0 

21.7 

44 

400 

50 

.Tol"! 

401 

O  114 

14*  2 

111.7 

11  5 

16  9 

141  0 

1  II.  4 

1!  O 

21  7 

15 

1000 

104 

255 

2*5 

O.  240 

144.5 

111* 

*  O 

16  4 

141-4 

125  2 

10  0 

20  1 

45 

400 

10 

124 

160 

0.210 

142  6 

12*  * 

9  0 

12  1 

142,  R 

124  O 

4.  0 

1*0 

14 

1000 

45 

190 

211 

0  1*4 

144  2 

110.  I 

9  0 

10  * 

;•  ♦  40 

t,  r*  Duple* 

-■ 

11 

900 

1  10 

*00 

504 

0  215 

141  4 

115  7 

12.0 

2»  4 

.  ♦  4o 

S*  T rlple* 

- 

_ 

_ 

44 

900 

45 

450 

401 

0  140 

141.1 

12*  e 

4  0 

14  4 

(4)  T/  '  Du  idem  »  1740  F  t  hr  AC  ♦  1 IOO  F,  *  hr  AC 

Triple*  •  IR4U  F  1  hr  AC  ♦  1740  F.  I  hr  AC  ♦  1100  F  R  hr  AC 
lb>  Eilr4pnl»1rd  data 
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TABLE  6.  ELEVATED- TEMPERATURE  STRESS-RUPTURE  PROPERTIES  OF 
Ti-SAl-SSn-S2r  FROM  COMPRESSOR-XHEEL  FORCINCO*) 


Exposure 

Tine  to 

Heat  Treatsent^ 

Tesp., 

Stress 

Runture, 

F 

ksi 

hr 

16S0  F/4  hr. 

AC 

1000 

60 

78.3 

i6S0  F/4  hr. 

AC 

1000 

60 

69.2 

17S0  F/l  hr. 

AC  ♦  1500  F/S  hr,  AC 

loco 

60 

99.8 

17SC  F/l  hr. 

AC  *  1300  F/8  hr.  AC 

1000 

60 

95.3 

(a)  Tests  all  in  radial  direction. 


TABLE  7.  ROOM- TEMPERATURE  NOTCH- TIME -FRACTURE  PROPERTIES  OF  Ti-5Al-SSn-5Zr 
FROM  COMPRESSOR-WHEEL  FORGING 


Notch 

Tice  Fracture  Strength^) 

(a) 

Passed  S 

Hr, 

Fai lure 

Heat 

Treataent 

ksi 

Stress, 

ksi  Tice,  hr 

16S0 

F/4 

hr. 

AC 

170 

180 

1.5 

1650 

F/4 

hr. 

AC 

180 

190 

0.0 

1750 

F/l 

hr. 

AC  * 

1300 

F/8 

hr,  AC 

ISO 

190 

l.S 

1750 

F/l 

hr. 

AC  ♦ 

1300 

F/8 

hr,  AC 

180 

190 

0.9 

(a)  Radial  speciaens  obtained  froa  web  of  wheel. 

(b)  Initial  stress  of  130  ksi,  increased  by  10-i.si  increcents 
ever}"  5  hours  until  failure. 


TABLE  8.  ELEVATED- TEMPERATURE  STRESS -RUPTURE  PROPERTIES  OF  Ti-7AI-12Zr  FROM  COMPRESSOR-WHEEL 
FORGING (16) 


Code 

Direction ^ 

Tesp. , 

Position^*)  F 

Stress 

ksi 

Tice  to 
Rupture, 
hr 

Elongation, 

percent 

Reduction 
of  Area, 
percent 

Heat  Treated  1759 

F/l  hr,  AC 

.  1300  F/8 

hr,  AC 

SO 

Tang. 

HC 

900 

62.5 

(b) 

0.5 

0.0 

79 

Tang. 

HC 

1000 

60 

396 

- 

7.9 

81 

Tang. 

HC 

1000 

60 

274 

13.3 

21.9 

82 

Tang. 

HC 

1100 

57.5 

12. S 

26.9 

35.5 

Heat  Tres 

ited  1600  F/4  hr.  AC 

31 

Tang. 

Jet. 

900 

62. S 

lb) 

0.7 

0.0 

106 

Tang. 

HC 

1000 

60 

165. 2 

- 

19.1 

95 

Tang. 

Ria 

1000 

60 

150.5 

29.3 

24. S 

107 

Tang. 

HC 

1100 

57.5 

5.4 

43.1 

31.5 

(a)  Tang.  -  tangential;  HC  -  high-coupling  area;  Jet.  -  junction  of  coupling  and  wheel  nid-rad 

(b)  Exposed  300  hours  without  failure. 


TABLE  9.  EFFECT  OF  CREEP  TEMPERATURE  AND  STRESS  ON  THE  RETAINED  TENSILE  PROPERTIES  OF  A  Ti-7Al-122r 
COMPRESSOR-WIEEL  FORGING  GIVEN  SINGLE  AND  DUPLEX  ANNEALS (20) 


300-hr 

Creep  Exposure 

Condition 

Retained 

Rooa-Teaperature 

Properties 

Temperature . 

Stress, 

,  Deformation, 

Ftu. 

Fty» 

Elongation, 

Reduction  of  Area, 

F 

ksi 

percent 

ksi 

ksi 

percent 

percent 

Annealed 

1600  F/4  hr,  AC 

RT 

. 

133 

121 

2S 

37 

£00 

60 

0.07 

134 

12"? 

16 

20 

350 

950 

57. 5 
■JO 

0.14 

0.24 

136(a) 

137l“J 

6.5(a> 

1053 

20 

0.20 

138 

127 

5 . 5 

9.4 

1100 

15 

0.34 

141 

130 

12 

13 

Annealed 

1750  F/l 

hr.  AC  -  1300  F/8 

hr,  AC 

RT 

800 

60 

0.07 

132(a) 

13SUJ 

123,  , 

126{a) 

IS,  , 
20(a) 

35,  , 
l9(a) 

850 

57.5 

0.19 

138 

130 

21 

25 

9S0 

1050 

40 

20 

0.33 

0.20 

!£<*> 

126,  . 

12S(a' 

iS<*> 

23<a> 

1100 

15 

0.22 

140 

13C 

7.5 

10.2 

(a)  O.OSO  inch  sachined  fron  specisen  diameter  after  exposure. 


7A5LE  10.  EFFECT  OF  SOLUTION  TEMPERATURES  ON  DUCTILITY  OF  Ti-679('7) 


Solution  (  . 

Temperature,  F'aJ 

Ultimate 

Tensile 

Strength, 

ksi 

Yield 

Strength, 

ksi 

Elongation, 

percent 

Reduction  of  Art 
percent 

1700 

194.6 

169.0 

6.0 

23.7 

1675 

136.9 

168.3 

-- 

-- 

1625 

176.8 

151.5 

12.0 

43.0 

1600 

176.2 

152.0 

12.0 

41.0 

1575 

154. S 

118.1 

19.0 

41.8 

1SS0 

1S5.8 

104.7 

18.0 

39.1 

(a)  All  samples  water  quenched  from  temperature  and  not  aged. 


TABLE  II.  AGING  RESPONSE  OF  Ti-679  QUENOIED  AT  VARIOUS  RATES  (ALL  SAMPLES  SOLU1  iOS  TREATFO  AT  1650  F)U  > 


Sample 

Aging 

Temperature 
(24  hrs) ,  F 

Quench 

Rate 

Ultimate 

Tensile 

Strength, 

ksi 

Yield 

Strength, 

ksi 

Elongation, 

percent 

Red-  ctjon  of  Area, 
percent 

As  forged 

_  _ 

151.2 

136.5 

14.0 

49.9 

15-38 

930 

Furnace  cooled 

143.7 

132.1 

11.0 

23.1 

15-39 

Furnace  cooled 

143.8 

133.0 

11.0 

25.8 

1S-3 

930 

Air  cooled 

167.3 

149.6 

17.5 

44.4 

15-28 

-- 

Air  cooled 

159.3 

142.8 

16.  r 

4*. 4 

15-13 

930 

Hater  quenched 

i99.6 

130.0 

10. 0 

52.9 

15-22 

-- 

Water  quenched 

176.8 

151.5 

12.0 

43.0 

'ABLE  12.  TENSILE  PROPERTIES  ROLLED  BAR.  AIR  COOL  VERSUS  OIL  QUENCH f1 7} 


Material 

Meat-treataenr 
Section  Site, 
in. 

Air  Cooled  froa 

1650  F 

~il 

Quenched  fron  1650 

F 

Ultinate 

Tensile 

Strength, 

ksi 

Yield 

Strength 

ksi 

Elong . 

,  per¬ 
cent 

.  R.A., 
per¬ 
cent 

Ultinate 

Tensile 

Strength 

ksi 

Yield 

,  Strength, 
ksi 

Elong. 

per¬ 

cent 

.,  R.A. 
per¬ 
cent 

Rolled  bar 

3  (edge) 

1S1.0 

.. 

21 

42 

17C.0 

142.0 

18 

40 

(originally 

3  (center) 

ISO. 5 

127. S 

IS 

34 

169.0 

139.0 

16 

34 

3-1/2-  in.dian. 

2 

1S8.5 

131.5 

16 

31 

174.0 

145.0 

14 

32 

1-1/2 

160.0 

135. 5 

17 

23 

179.5 

147.0 

18 

33 

1 

160.0 

134.0 

17 

31 

182. G 

150.0 

14 

31 

1/2 

166.0 

147 

17 

30 

194.0 

163.0 

12 

29 

TABLE  13.  AVERAGE  TENSILE  PROPERTIES  OF  IMI  679  COMPRESSOR-KHEEL  FORGINGS*^ 


Forging 

Temperature 

F 

0.2  Percent 
Yield 
Strength, 
ksi 

Ultinate 

Tensile 

Strength, 

ksi 

Elongation, 

percent 

Reduction  of  Area, 
percent 

Reference 

1  Manner  forging. 

70 

130.2 

146.9 

12.9 

32.4 

24 

stock  8-I/8-in.  billet. 

400 

105.1 

129.6 

15. S 

40.7 

source:  TMCA 

530 

96.8 

121.4 

15.8 

39.8 

800 

82.2 

106.7 

15.4 

38.9 

900 

78.7 

103.4 

16.7 

49.4 

1000 

78.7 

101.9 

15.3 

39.2 

2  Manner  forging. 

70 

141.8 

136.5 

13-2 

36.4 

24 

stock  8-1/8-in.  billet. 

900 

90.7 

111.7 

15.4 

51.9 

source:  TMCA 

3  Press  forging. 

70 

137.3 

151.8 

13.5 

32.8 

24 

stock  8-1/8-in.  billet. 

530 

95.2 

121.0 

12.5 

34.4 

source:  TMCA 

900 

83.0 

105.0 

16.0 

41.5 

1000 

80.3 

102.8 

16.3 

42.4 

4  Press  forging. 

70 

137.3 

153.4 

i4.4 

37.5 

24 

stock  8-1/S-in.  billet. 

530 

102. S 

125.8 

15.5 

46.9 

source:  IMI 

900 

83.0 

105.0 

16.0 

41.5 

1000 

79.0 

102.0 

16.0 

45.5 

5  Press  forging 

70 

136.1™ 

161.2 

15.2 

42.5 

25 

stock  8-in.  billet. 

840 

31.3(b) 

114.5 

18.6 

52.8 

25 

source:  IMI 


(a) 

(b) 


Heat  treatcent,  Forgings  I 
Forging  S. 
0.1  percent  proof  stress. 


-4,  1630  F/l  hr,  AC  ♦ 
16S0  F/l  hr.  Oil  Q« 


930  F/24  hr, 
930  F/24  hr, 


AC. 

AC. 


29 


TABLE  14.  ROOM-TEMPERATURE  NOTCHED -TENS  HE  PROPERTIES  OF  TITANIUM  ALLOY.  IMI  679  FORGING 


Forging 

Type 

Position 

Direction 

Theoretical 

Stress  Concentration 
Factor,  Kt 

Notched 

Tensile  Strength, 
ksi 

NTS 

TS 

Reference 

Large 

compressor 

Rin 

Radial 

3.0 

243 

1.52 

25 

disk  U) 

Rin 

Axial 

3.0 

245 

1.53 

25 

Rin 

Tangential 

3.0 

246.5 

l.SS 

25 

Web 

Radial 

3.0 

246 

1.47 

25 

Neb 

Tangential 

3.0 

244.5 

1.50 

2S 

F-104 

Flange 

r  Longitudinal 

3.9 

136 

26 

fuselage 

Edge 

1  Grain 

3.9 

139 

26 

ring  fit- 

Mid- radius 

•-Direction 

3.9 

142 

26 

tingW 

Center 

3.9 

144 

26 

(a)  Disk  cade  fro=  8-in  -dianeter  x  12-in-long  billet,  upset  forged  to  a  flat  cheese  at  1650  F,  pressed 
between  shaped  dies  at  1650  F,  heat  treated  for  1  hour  at  1650  F,  oil  quenched,  aged  for  24  hours  at 
930  F,  and  air  cooled. 


(b)  Cut  weights  of  naterial  for  four  forgings,  108  to  111  io  ea.  fumade  ienperature  ie/5  F. 

Average  teeperature  on  dies:  draw  1540  F,  bend  1545  F,  1st  finish  1480  F,  2nd  finish  1550  F.  Heat 
treatnent:  1  hour  at  1650  F,  fan  cool,  aged  for  24  hours  at  930  F,  and  air  cooled. (221 


TABLE  15.  NOTCH  TIME  FRACTURE  TESTS  (70  F,  h.  =  3.8)  OF  Ti-679  COMPRESSOR  KlIEEL  FORGINGS^24) 


All  forgings  held 

1650  F/l 

hr,  AC,  *  930 

1724  Srs ,  AC. 

Hours  under  Test  at  Indicated 

Stress 

Location. 

Direction 

170  ksi 

ISO  ksi 

190  ksi 

:co  *si 

210  ksi 

Coupling 

Axial 

5.2 

S.3  failed 

.. 

-- 

Coupling 

Axial 

5.0 

5.0 

5.7 

0.2  failed 

Rio 

Tangential 

5.1 

5.4 

5.0 

5.2 

1  .  >  fai  1-5 

h'eb 

Radial 

5.1 

s.o 

5.0 

1.6  failed 

Neb 

Radial 

_  _ 

5.7 

3.  £  fii 

-- 

-- 

Rin 

Tangential 

-- 

J  .  < 

4,9  failed 

-- 

-- 

Ria 

Tangential 

5.7 

4.6  failed 

-- 

Neb 

Radial 

-- 

5.6 

0.6  failed 

"  ” 

-  * 

Ric 

Tangential 

-- 

2--  Ivii 

-- 

-- 

-- 

h'eb 

Radial 

-- 

3.0 

0.3  failed 

Rio 

Tangential 

-- 

3.0 

0.2  failed 

-- 

-- 

Web 

Radial 

“  " 

3.2 

0.1  failed 

■' 

" 

TABLE  16.  CREEP  PROPERTIES  OF  ALLOY  679  COMPRESSOR- WHEEL  FORGINGS 


(a) 


Forging ^ 

Temper¬ 
ature  , 

F 

Stress, 

ksi 

Tine  to 

0.1  per¬ 
cent 
plastic 
Defomation, 
hours 

Tine  to 

0.2  per¬ 
cent 
plastic 
Defomation, 
hours 

Plastic 
Defamation 
in  ISO 
hours , 
percent 

Plastic 
Defomation 
in  100 
hours , 
pe-cent 

Duration 
o  test, 
hours 

Total 

Creep, 

percent 

Refer¬ 

ence 

1 

850 

65.0 

64 

184 

0.158 

165 

0.160 

24 

850 

65.0 

26 

ISO 

0.2 

166 

0.200 

24 

850 

65.0 

70 

S7S 

0.13 

1010 

0.240 

24 

900 

55.0 

90 

240(a) (b) (c) 

0.13 

166 

0.130 

24 

900 

55.0 

20 

130 

0.21 

i66 

0.210 

24 

900 

55.0 

60 

62S 

0.14 

1000 

0.236 

24 

950 

45. C 

20 

180 

0.18 

166 

0.185 

24 

950 

45.0 

25 

220 

0.17 

1000 

0.796 

24 

1000 

35.0 

10 

90 

0.34 

150 

0.392 

24 

2 

850 

65.0 

58 

200(c) 

150 

0.144 

24 

850 

65.0 

1000 

0.408 

24 

900 

SS.O 

150 

0.164 

24 

900 

55.0 

1000 

0.364 

24 

950 

45.0 

150 

0.240 

24 

950 

45.0 

1000 

1.668 

24 

3 

8S0 

65.0 

900 

55.0 

ISO 

0.152 

24 

900 

55. C 

150 

0.256 

24 

900 

55.0 

150 

0.152 

24 

950 

45.0 

150 

0.196 

24 

950 

45.0 

150 

0.679 

24 

950 

45.0 

150 

0.236 

24 

1000 

3S.0 

150 

0.264 

24 

150 

0.380 

24 

4 

850 

65.0 

150 

0.128 

24 

900 

55.0 

150 

0.212 

24 

900 

SS.O 

150 

0.192 

24 

900 

55.0 

ISO 

0.156 

24 

900 

4S.0 

15o 

0.372 

24 

9SC 

45.0 

ISO 

0.328 

24 

950 

45.0 

ISO 

0.160 

24 

1000 

35.0 

150 

0.340 

24 

5 

750 

78.5 

0.124 

25 

750 

78.5 

0.088 

25 

750 

78.5 

0.119 

25 

(a)  Heat  treatnent,  Forgings  1-4,  16S0  F/l  hr,  AC  ♦  930  F/24  hr,  AC.  Forging  S,  1650  F/l  hr.  Oil  Q 

(b)  See  Table  13  for  description  of  forgings.  ♦  930  F/24  hr,  AC 

(c)  Extrapolated. 


TABLE  17.  ELEVATED- TEMPERATURE  STRESS- RUPTURE  PROPERTIES  OF  Ti-679 
COMPRESSOR- WHEEL  FORGINGS (17> 


Heat  Treatoent 

:  1650 

F/l  hr,  AC  ♦ 

930  F/24  hr, 

,  AC. 

Location 

Direction 

Tenp. , 

F  Stress,  ksi 

Rupture 
Life,  hr 

Elongation, 

percent 

Ria 

Tangential 

950 

60 

727 

22.9 

Rin 

Tangential 

950 

60 

1468 

17.3 

Web 

Radial 

950 

60 

879 

27.6 

Rin 

Tangential 

950 

80 

153 

21.3 

Ria 

Tangential 

9S0 

80 

215 

12.9 

Keb 

Radial 

950 

80 

199 

27.6 

Web 

Radial 

950 

SO 

34 

14.6 

Web 

Radial 

950 

80 

199 

25.3 

Ria 

Tangential 

1000 

65 

154 

17.3 

Ria 

Tangential 

1000 

65 

123 

27.9 

Web 

Radial 

1000 

65 

108 

27.9 

Web 

Radial 

1000 

65 

151 

27.9 

TABLE  18.  STABILITY  OF  Ti-679  ALLOY  COMPRESSOR-WHEEL  MATERIAL  AFTER  SELECTED  CREEP  EXPCSURES(17) 
Heat  Treatoent:  I6S0  F/l  hr,  AC  «  930  F/24  hr,  AC 


Postcreep  Tensile  Properties 


Location 

Direction 

Creep  Exposure 
Tenp.,  Stress, 

F  ksi 

Ti=e, 

hr 

Plastic 

Deformation, 

\ 

Y.S. 

0.2% 

ksi 

U.T.S., 

ksi 

Elongation, 

\ 

R.A. 

« 

» 

Typical  Unexposed  Properties 

138.0 

155.0 

13.0 

30.0 

Keb 

Radial 

800 

-5 

150 

0.15 

141.2 

155.5 

16.0 

36.  7 

Keb 

Radial 

800 

75 

ISO 

0.16 

156.7 

149.9 

12.0 

25.5 

Ria 

Tang. 

850 

6S 

ISO 

0.17 

140.6 

154.2 

14.0 

32.' 

Ria 

Tang. 

850 

65 

150 

0.15 

141.0 

152.9 

13.0 

29.5 

Ria 

Tang. 

350 

6S 

150 

0.13 

142.5 

156.4 

12.0 

29.5 

Ria 

Tar.g. 

850 

65 

ISO 

0.14 

151.0 

166.1 

14.0 

36.2 

Ria 

Tang. 

850 

65 

ISO 

0.15 

144.0 

152.9 

13.0 

29.5 

Rin 

Tang. 

850 

65 

)000 

0.31 

138.1 

M9.9 

15.0 

30.8 

Rin 

Tang. 

850 

65 

1000 

0.2i 

141.7 

156.0 

13.0 

28.' 

Rin 

Tang. 

900 

50 

ISO 

0.13 

141.4 

157.6 

14.0 

25.4 

Rin 

Tang. 

9u0 

50 

150 

0.19 

141.2 

154.0 

10. 0 

18.3 

Coupling 

Axial 

900 

55 

150 

0.26 

137.2 

150.3 

14.0 

31.6 

Coupling 

Axial 

900 

55 

15C 

0.21 

134.7 

149.0 

14.0 

36.2 

Keb 

Radial 

950 

45 

150 

0.24 

145.6 

157.' 

'.0 

7.9 

Keb 

Radial 

950 

45 

150 

0.33 

136.4 

150.' 

'.0 

6.3 

Keb 

Radial 

900 

55 

150 

0.  IS 

«4'.l 

161.3 

12.0 

27.5 

Keb 

Radial 

900 

55 

150 

0.19 

13S.4 

153 . 5 

10.0 

23.4 

Ria 

Tang. 

900 

55 

ISO 

0.20 

141.0 

154.2 

12.0 

25.4 

Ria 

Tang. 

900 

55 

ISO 

0.16 

140.0 

154.2 

13.0 

2'. 5 

Ria 

Tang. 

900 

55 

ISO 

0.16 

142.0 

157.2 

12.0 

22.6 

Ria 

Tang. 

900 

55 

1000 

0.  36 

142.1 

156. S 

15.0 

28.9 

Coupling 

Axial 

950 

4S 

ISO 

0.68 

133.3 

149.4 

12.0 

I  **  .  "* 

Coupling 

Axial 

950 

45 

150 

0.37 

137.6 

151.5 

9.0 

13.9 

Rin 

Tang. 

950 

45 

150 

0.26 

142.7 

154.4 

10.0 

19. S 

Rin 

Tang. 

950 

4" 

ISO 

0.16 

140.5 

155.0 

14.0 

28.  S 

Rin 

Tang. 

950 

45 

ISO 

0.24 

140.0 

156.4 

14.0 

52.3 

Rin 

Tang. 

950 

45 

1000 

1.67 

135. S 

149,2 

6.0 

8.' 

Ris 

Tang. 

1000 

35 

150 

0.8S 

135.4 

14-.4 

'.0 

13.2 

Rin 

Tang. 

1000 

35 

ISO 

0.34 

139.6 

151.9 

5.0 

9.4 

32 


rABtE  19.  RECOMMENDED  SOLUTION- TREATMENT  TEMPER¬ 
ATURES  FOR  IMI  TITANIUM  680  FORGINGS  HAVING 
A  RATIO  OF  MAXIMUM  TO  MINIMUM  SECTION'  THICK¬ 
NESS  NOT  EXCEEDING  4:l(7) 


Thickness  of  .  . 
Predoainant  Solution-Trcatncnt  Teapersture,  Fta,> 
Section, 

in. _ Kater  Quenching  Oil  Quenching 


1/4 

1490 

1490 

1/2 

149S 

1495 

3/4 

1500 

1510 

1 

1S1G 

ISiS 

1-1/2 

1510 

ISIS 

1-3/4 

ISIS 

1S2S 

2 

ISIS 

1S25 

3 

1S3S 

1545 

4 

154S 

1SSS 

4-1/2 

1S35 

1S4S 

8<*> 

1S2S 

1S3S 

-- 

1560 

(a)  After  solution  heat  treatment  all  sites  should 
be  aged  24  hr  at  930-I11G  F.  Aging  at  930  F 
is  recossonded  because  optieua  creep  proper¬ 
ties  are  produced  after  aging  at  this  ten- 
perature. 

(b)  Billet.  After  quench,  age  24  hr  at  1020  F. 


TABLE  20. 


TYPICAL  ROOH-TS’iPERATURE  TENSILE  PROPERTIES  OF  IMI  ALLOY  680(7) 


Tensile  Properties 


Material 

Method  of 
Selecting 

Test 

SDeciaens 

Heat  Treatoer.t 

0. 1  percent 
Proof 
Stress, 
ksi 

Tensile 

Strength, 

ksi 

Elongation, 

percent 

Reduction  of  Area, 
percent 

1-in-diaa. 

rolled 

rod 

Heat  treated 
in  full 
section, 
longitudinal 
test 

1520  F/l  hr,  AC  *  172. S 

930  F/24  hr,  AC 

i90.4 

16 

so 

3-1/2-in. 

diaa. 

rolled 

bar 

Heat  treated 
in  full 
section, 
transverse 

test 

1520  F/2  hr,  NQ 
♦  930  F/24  hr. 

165.8 

AC 

194.9 

9 

26 

5-1/2  x 
4-in, 
forged 
bar 

Heat  treated 
in  full 
section, 
transverse 

test 

1530  F/4  hr,  KQ 
♦  930  r/24  hr, 

159.0 

AC 

190.4 

10 

27 

12  x  S-i*. 

forged 

bar 

Heat  treated 
ss  transverse 
slice, 
transverse 

test 

1480  F/l  hr,  »T 
♦  930  F/24  hr. 

152.3 

AC 

179.2 

9 

22 

S3 


TABLE  21.  TYPICAL  ELEVATED-TEMPERATURE  TENSILE 
PROPERTIES  OF  FULLY  HEAT  TREATED  IMI  ALLOY 

680<7J 


Te=p. , 

F 

0.1  Percent 
Proof 

Stress, 

ksi 

Tensile 

Strength, 

ksi 

Elong.,  R.A., 
percent  percent 

63 

167. S 

196.9 

15 

44 

35  2 

127.7 

161. S 

T  0 

53 

S72 

121.8 

155.4 

19 

55 

752 

110.9 

149.6 

17 

56 

842 

ICS.  9 

142.0 

16 

S3 

932 

101.0 

138.0 

16 

54 

TABLE  22.  TENSILE  PROPERTIES  ON  SAMPLES  CUT  FROM  A  COMPRESSOR-DISK  FORGING 
OF  IMI  TITANIUM  680(7) 

13-in. diameter  with  3  1-in-thick  web 


Saaple  Position 

0.1  Percent 

Proof  Tensile 

Stress.  Strength, 
ksi  ksi 

Elongation, 

percent 

Redaction  of  Area, 
percent 

Axial  in  bore 
Tangential  in  bore 
Radial  in  diaphraga 
Tangential  in  ric 
Radial  in  ria 


- 

172.9 

13 

- 

162.2 

185.9 

16 

47 

163.5 

1S7.5 

13 

i~ 

168.0 

187.  S 

13 

41 

- 

182.3 

13 

33 

TABLE  23.  TENSILE  PROPERTIES  OX  SAMPLFS  CUT  FROM  A 
STEERING-ARM  FORGING  OF  IMI  TITANIUM  68q(7> 


15  in. 

long  x  6 

in.  wide 

0. 

2  Percent 

Proof 

Tensile 

Sasplc 

Stress , 

Strength 

,  Elongation. 

Redact • on  of  Area. 

Position 

ksi 

ksi 

percent 

percent 

1 

165 

188 

ii 

35 

2 

174 

136 

8 

37 

6 

183 

195 

11 

35 

S 

184 

196 

10 

37 

10 

168 

3  SC 

11 

30 

12 

178 

190 

9 

30 

12b 

176 

190 

11 

23 

54 


TABLE  24.  EFFECT  OF  NOTCH  CONCENTRATION’  FACTOR  ON 
NTS/TS  RATIO  OF  FULLY  HEAT  TREATED  ROD  OF 
IMI  ALLOY  680(7) 


Notch  Concentration 
Factor, 

Kt 

Notched 

Tensile 

Strength, 

ksi 

NTS 

TS 

1.7 

275.  S 

1.44 

3.0 

256.6 

1.40 

'0.75 

224.0 

1.1? 

'■7. 75 

221.8 

i.16 

TABLE  25.  RELATION  BE7XEEN  NOTCHED  AND  UNNOTCHED  TENSILE  STRENGTH 
OF  IMI  TITANIUM  680(7) 


Notched 


Solution 
Tesp. , 

F 

Tensile 

Strength. 

ksi 

Elongation, 

percent 

Reduction  of  Area, 
percent 

Tensile 

Strength, 

ksi 

NTS 

TS 

1350 

175.8 

14 

43 

260 

l.*S 

1430 

180.3 

12 

33 

260 

1.44 

1470 

184.1 

12 

30 

253 

1.37 

1520 

197.1 

10 

36 

244 

1.24 

1560 

223-0 

3 

3 

193 

0.85 

1610 

233.0 

2 

3 

157 

0.68 

J‘SO 

241.2 

2 

2 

163 

0.70 

TABLE  26.  STRESS  TO  PRODUCE  0.1  PERCENT  TOTAL 
PLASTIC  STRAIN  in  100  HOURS  IN  IMI  680(7) 


Tesp.. 

F 

Estisated  Stress  to  Give 

0.1  Percent  Total  Plastic  Strain 
in  100  Hours,  ksi 

70 

165 

300 

135 

390 

130 

570 

115 

750 

SO 

840 

45 

930 

13 

T 


35 

TAB  LB  27.  TENS  I  LB  AND  CREEP  PROPERTIES  OF  INI  TITANIUM  EX  684  ENGINE-COMPRESSOR  DISK?8) 

Tensile  end  creep  properties  of  two  18-in-diaa.  disks,  with  a  web  thickness  of 
1-1/2  in.  and  *  ria  thickness  of  3  in.  each  weighing  100  lb,  heat  treated 
191S  F/l-1/2  hr.  OQ  ♦  930  F/24  hr.  AC. 


_ Tensile  Properties _  Creep  Data, 

Strain  in 

Notched  100  Hours  at 

0.1  Percent  Tensile  370  F  and  44.6  Ksi 


Position 
of  Test 
Piece 

Test 
TeJ=p. , 

r 

Proof 

Stress, 

ksi 

Tensile 

Strength, 

ksi 

Elongation^*'* . 
percent 

Reduction  of 
Area,  percent 

Strength 

3)> 

NTS 

TS 

Initial 

Plastic, 

percent 

Total 

riastic, 

percent 

Sisk  Forged  at 

1920  F 

Tangential. 

70 

12S 

143 

16 

24 

229 

1.6 

0.013 

0.186 

web 

Tangential , 

70 

128 

143 

13 

25 

227 

1 .59 

nil 

0.092 

ria 

970 

6S.8 

90.0 

Is 

38 

- 

- 

- 

- 

Radial. 

970 

_ 

_ 

. 

_ 

_ 

m  1 

0.11 

web 

Disk  Forged  at 

ieoc  f 

Tangential, 

70 

127 

143 

IS 

24 

221.  S 

1.52 

nil 

0.071 

web 

Tangential, 

70 

121 

13S.S 

24 

25 

219.5 

1.53 

ml 

0.068 

ria 

970 

69.2 

90.  c 

16 

35 

- 

- 

- 

- 

Radial, 

970 

„ 

. 

. 

_ 

_ 

nil 

0.056 

veb 


TABLE  28.  TENSILE  PROPERTIES  OF  INI  TITANIUM  EX  684  ENGINE-COMPRESSOR  DISK^8) 

13-in-diaa.  r.  1-in-ric  thickness,  weight  2S  lb,  forged  to  13-1/4- 
in-diaa.  cheese  at  1800  F  and  starped  to  disk  at  1883  F. 


Tensile  Properties 


Sanple 

Fosition 

Heat 

Treatment 

Test 

Te=p.. 

c 

b.l  percent 
Proof  Stress, 
ksi 

tensile 

Strength, 

ksi 

Eiong. , 
nercent 

Reduction 
of  Area, 
percent 

- STS - 

(*t*3). 

ksi 

NTS 

TS 

Tangential, 
hub  and  web 

1915  F/3/4  hr.  AC 
»  930  F/24  hr.  AC 

Rosa 

132.5 

150. S 

i: 

21 

235 

1.56 

1915  F/3/4  hr,  OQ 
♦  930  F/24  hr.  AC 

Rocs 

137 

156 

12 

24 

240 

1.54 

Radial , 
web 

1915  F/3/4  hr.  AC 
*  530  F/24  hr.  AC 

Rooa 

132. S 

150.5 

10 

22 

240 

1.6 

1915  F/3/4  hr.  OQ 
♦  930  F/24  hr,  AC 

Rooc 

137 

156 

13 

23 

240 

1.54 

Axial,  hub 
(tensoaeter 
test3) 

1915  F/3/4  hr,  AC 
♦930  F/24  hr,  AC 

Roos 

136 

143.5 

8 

20 

237.5 

1.66 

1915  F/3/4  hr,  OQ 
♦  930  F/24  hr.  AC 

Rops 

136 

!50 

10 

25 

237.5 

i*5? 

Tangential, 
test  ring 

1915  F/3/4  hr.  AC 
♦  530  F/24  hr,  AC 

97C 

60.2 

55.4 

15.6 

27 

- 

- 

Tangential, 
h ab 

1915  F/3/4  hr.  AC 
♦930  F/24  hr.  AC 

970 

69.0 

38.2 

14.5 

25 

- 

- 

Radial. 

web 

1915  F/3/4  hr.  AC 
♦  930  F,  24  hr,  AC 

970 

66.7 

87.5 

1S.0 

23 

- 

- 

36 


TABLE  29.  TENSILE  AND  CREEP  PROPERTIES  OF  IHI  TITANIUM  EX  684  EN’C I NE- COMPRESSOR  DISC^8) 

13-in-diac.x  l-in. ria  thickness,  weight  2S  lb,  forged  to  13-1/4-in.  diaa 
cheese  at  1800  F,  stasped  to  disk  at  1800  F. 


Tensile  Properties _  Creep  Data 


Sariple 

Position 

Heat 

Treatacnt 

Test 

Tes?., 

K 

0.1 

Percent 

Proof 

Stress^ 

ksi 

Tensile 

Strength, 

ksi 

Elong. , 
percent 

R.A. , 
percent 

NTS 

(Kt'3), 

ksi 

NT' 
TS  ' 

Strain  in  100 

Hours  at 

940  F  and  44.8  ksi 
Total,  percent 

Tangential, 

ric 

1915  F/3/4  hr.  AC 
*  930  F/24  hr,  AC 

Soon 

123.0 

140.5 

n 

17 

220.  C 

1 .56 

0.08S 

Radial, 

web 

1915  F/3/4  hr,  AC 
♦  930  F/24  hr.  AC 

Rooa 

123.0 

143.5 

13 

17 

224.0 

1 .56 

- 

Tangential , 
rin 

3915  F/3/4  hr,  OQ 
♦  930  F/24  hr,  AC 

Rooa 

178.3 

147.5 

10 

20 

233.0 

1.59 

0.12 

Radial , 
web 

ISIS  F/3/4  hr,  Oq 
*  950  F/24  hr,  AC 

Rooa 

123.0 

149.0 

12 

20 

229.0 

1.54 

- 

Tangential, 

web 

19iS  F/3/4  hr.  AC 
♦  930  F/24  hr,  AC 

570 

74.6 

98.9 

14 

35 

- 

- 

- 

850 

69.5 

89.5 

14 

22 

- 

- 

- 

970 

63.1 

82.5 

15 

30 

- 

- 

- 

Tangential, 

web 

1915  F/3/4  hr,  OQ 
♦  930  F/34  hr,  AC 

570 

81.5 

107 

14 

33 

- 

- 

- 

350 

76.4 

104 

20 

35 

- 

- 

- 

970 

72.1 

54. 5 

18 

38 

- 

- 

- 

TABLE  30.  CREEP  PROPERTIES  OF  IHI  EX  6S4  ENGINE  COMPRESSOR  DISK  SAMPLES(S) 
Test  pieces  taken  tangentially  froa  the  rta 


Initial 


Creep-Test  Data 

Plastic 

Total  Plastic 

Terperatare, 

Stress; 

Strain, 

Strain,  percent 

Heat  Treatment 

F 

ksi 

cercent 

50  hours  100  hours 

1915  F/3/4  hr.  AC 
*  930  F/24  hr.  AC 

970 

44.3 

nil 

0.051  v.C7 Z 

I91<  F/3/4  hr,  OQ 

970 

44.8 

nil 

0.055  C.059 
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TABLE  33.  TENSILE  PROPERTIES  OF  UPSET  FORGINGS  OF  IHI  EX  700{18) 


5 aspic  Location 

Saooth  Tensile  Properties 

Notched 

Forging 

0.2  \  Offset  Ulticate 

Tensile 

Thickness, 

Yield 

Strength, 

Elong., 

Reduction  of  Area, 

Strength, 

NTS 

inches 

Strength,  ksi  kri 

percent 

percent 

ksi 

TS 

Solution  Treated 

1520  F,  OQ  ♦ 

24  Hours 

t  930 

F.  AC 

0.5 

Rio,  radial 

i87 

209 

11 

25 

246 

1.18 

Center 

189 

210 

10 

28 

242 

1.16 

1.0 

Ria,  radial 

184 

207 

13 

23 

244 

1.18 

Center 

187 

207 

9 

24 

248 

1 .20 

1.75 

Ria,  edge 

181 

200 

11 

26 

270 

1.36 

Ris,  niddle 

179 

199 

10 

19 

246 

1.23 

Center,  edge 

179 

202 

4.5 

6 

246 

1.23 

Center,  aiddle  180 

199 

12 

29 

276 

1.39 

Solution  Treated 

1560  F.  0Q  * 

24  Hours, 

930 

F.  AC 

i.S 

Ria,  radial. 

edge  186 

210 

11 

23 

224 

1.07 

Ria,  radial. 

aiddle  183 

2i0 

6 

17 

242 

1.15 

Center,  edge 

184 

210 

6 

14 

215 

1.03 

Center,  aiddle  181 

208 

14 

30 

238 

1.14 

2.25 

Ria,  edge 

184 

214 

0 

6 

258 

1.20 

Ria,  aiddle 

179 

203 

n 

11 

264 

1.3G 

Center,  edge 

177 

200 

2.5 

2 

233 

1.16 

Center,  aiddl 

Se  177 

206 

8 

13 

262 

1.27 

TABLE  34.  EFFECT  OF  SECTION  SIZE  AND  COOLING  RATE 
FROM  SOLUTION  TEMPERATURE  ON  PROPERTIES  OF 
HVLITE  S0C21) 


Section 

Size 

Cooling  Method 

Average 

Tensile 

Strength 

psi 

Average 
Elong. . 
percent 

S/S  in.  diaa. 

Veraiculite 

169,000 

16 

Air 

176,000 

IS 

Oil  Quench 

207,000 

7.5 

Water  quench 

210,000 

7.5 

2  in.  square 

Air 

172,000 

(outside) 

14 

Water  quench 

197,000 

(outside) 

3.5 

4  in.  square 

Water  quench 

166,000 

(center) 

134,000 

14 

S 

Note;  Standard  heat  treatsent:  solution  treat  at 
1650  F;  air  cool;  age  24  hr  at  950  F 
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TA8LE  35.  TENSILE  PROPERTIES  OF  HYLITE  SO  SAMPLES  F?OM  DISK 
FORGING^!) 


Yield 

Strength 

(0.1  Percent  Tensile  Reduction 


Position  of  Test 

Offset). 

Strength, 

Elong. , 

of  Area, 

Piece 

psi 

psi 

percent 

percent 

Longitudinal,  hub 

_  _ 

174,600 

12.0 

19  to  25 

P-adial,  hub 

-- 

170,900 

14.8 

31  to  33 

Longitudinal, 

periphery 

128,000 

167,000 

12. S 

27 

Radial,  sid-radius 

148,000 

168,500 

14.5 

35 

Tangential,  hub 

128,000 

166,200 

12.5 

27 

Tangential, 

periphery 

139,000 

154,800 

IS. 9 

31 

Note:  I tod  inpact 

strength  at  a 

radial-aid- 

radius  position  is 

14  ft- lb. 

Heat  treatment: 

2  1/4  hr  a 

t  1650  F; 

air  cool; 

aged  24  hr 

at  930  F.  Disk 

was  24  in. 

in  diaaeter. 

TABLE  36.  CREEP-RUPTURE  PROPERTIES  OF  HYLITE  5O(10) 


Tenperature, 

F 

Tine, 

Hours 

Stress  to  Produce  a 

Total  Plastic  Strain  of 
0. 10  Percent,  ksi 

Stress  ti 
Produce  Rupti 
ksi 

570 

30 

105.3 

100 

105.0 

-- 

300 

104.2 

1000 

103.1 

-- 

750 

30 

S2.8 

123.2 

100 

75.0 

122.0 

300 

67.2 

121.0 

1000 

59.4 

117.7 

840 

30 

45.9 

112. ' 

100 

37.0 

109.6 

30  0 

29.1 

103  1 

100C 

20.2 

87.4 

930 

30 

_ 

85.2 

100 

S.  93 

6S.3 

300 

-- 

49.3 

1000 

-- 

52.6 

TABLE  37.  TYPICAL  TENSILE  PROPERTIES  OF  1- INCH- DIAMETER  WROUGHT  BAR  OF  UYLITE  SI  TITANIUM  ALLOY(10) 


Air  Cooled  and  Aged 


Tecperature,  F 

70 

210 

390 

57C 

750 

530 

1020 

1110 

0.20  Percent  Proof  Stress, 

ksi 

181 

163 

134 

116 

108.3 

97.5 

87.6 

66.8 

Ultieatc  Tensile  Strength, 

ksi 

202 

189 

166 

152 

141 

133.5 

125.5 

109.8 

Elongation,  percent 

10.5 

11.0 

13. S 

14.5 

13.5 

15  0 

16.5 

22.0 

Reduction  of  Area,  percent 

27 

29 

38 

38 

41 

55 

59 

65 

Oil  Quenched  and  Aged 

Tecperature,  F 

70 

390 

570 

930 

1020 

1110 

0.20  Percent  Proof  Stress, 

ksi 

18S 

142 

120 

98.8 

87.9 

72.9 

Ultisate  Tensile  Strength, 

ksi 

222 

187 

163 

ISO 

124 

109 

Elongation,  percent 

6.5 

3.0 

12.0 

14. S 

17.0 

22.0 

Reduction  of  Area,  percent 

S 

9 

43 

S3 

62 

72 

TABLE  38.  TYPICAL  ROOM  TEMPERATURE  PROPERTIES  OF  A  3- INCH-SQUARE  BILLET 
OF  HYLITE  SI  TITANIUM  ALLOY(l°) 


Air  Cooled 

and  Aged 

Oil  Quenched 

and  Aged 

Surface 

Center 

i-face 

Center 

0.2  Percent  Proof  Stress,  ksi 

174 

161 

187 

177 

Ultisate  Tensile  Strength,  ksi 

186 

172 

212 

196 

Elongation,  percent 

16.0 

15.0 

10.  S 

12. S 

Reduction  of  Area,  percent 

43.0 

40.0 

24.0 

37.0 

Note:  Heat  treatnents  were  not  specified,  but  saterial  say  be  assuccd  to  have 
been  annealed  at  16S0  F  for  I  hour  per  inch  of  cross  section,  cooled 
to  rooa  temperature ,  and  aged  24  hours  at  930  F. 
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TABLE  39.  TENSILE  AND  IMPACT  PROPERTIES  OF  IfCLITE  51  UNDERCARRIAGE  FORGING*10' 


Heat 

treatnent: 

1650  F/3  hr,  AC  ♦  930 

F/24  hr,  AC. 

Test 

Piece 

Test 

Piece 

Direction 

Ultinate 

Tensile 

Strength, 

ksi 

0.2  Percent  Proof 
Stress, 
ksi 

Elongation, 

percent 

Reduction  of  Area, 
percent 

Izod, 
ft- lb 

i 

Tangential 

191 

176 

12.5 

24.0 

_  _ 

2 

Tangential 

187 

171 

12.5 

24.0 

-- 

3 

Tangential 

181.5 

165 

15  0 

35.0 

-- 

4 

Longitudinal 

178.5 

163 

15.0 

33.7 

-- 

6 

Longitudinal 

182 

166 

1 5 .  C 

37.0 

-- 

S 

Longitudinal 

181 

164 

15.0 

43.5 

-- 

9 

Transverse 

180 

161 

12.5 

37.0 

-- 

10 

Longitudinal 

i33.5 

168.5 

13.0 

35 . 7 

-- 

11 

Longitudinal 

184 

167 

15.0 

40.5 

-- 

12 

Longitudinal 

185.5 

167. S 

13.5 

40.5 

-- 

13 

Longitudinal 

-- 

-- 

-- 

-- 

7.8,7 

14 

Transverse 

181.5 

164 

13.5 

34.0 

-- 

15 

Tangential 

188.5 

172 

12.5 

31.0 

-- 

16 

Tangential 

187.5 

169 

13.5 

S’.O 

-- 

17 

Longitudinal 

-- 

-- 

-- 

-- 

S.8,6 

18 

Longitudinal 

178 

163 

16.0 

40.5 

-- 

19 

Obliaue 

180 

162 

15.0 

40.5 

-- 

20 

Longitudinal 

180.5 

163 

15.0 

40.5 

-- 

2! 

Longitudinal 

179 

164 

15.0 

40.5 

-- 

22 

Longitudinal 

183 

167.5 

10.0 

43.5 

-- 

23 

Obliaue 

179 

162 

16.0 

3~.0 

-  » 

24 

Longitudinal 

-- 

-- 

-- 

-- 

11.9,8 

25 

Longitudinal 

176.5 

165 

15.0 

39.7 

-- 

26 

Longitudinal 

-- 

-  - 

-- 

-- 

27 

Longitudinal 

180 

164 

15.5 

43.5 

-- 

28 

Longitudinal 

-- 

-- 

-- 

-- 

6.6,' 

29 

Transverse 

186.5 

162 

15.0 

34.0 

-- 

TABLE  40.  CREEP  PROPERTIES  OF  TITANIUM  ALL0V  1IYLITE 
51.00) 

1-inch-diasetcr  bar  in  the  air  cooled  and 
aged  condition. 


:»k*  kv  r*  *•  { 

:  5  i-c  ter  k-r .  *•***  trrATf-: 


IfaycTitjrc.  ‘ s— '  'tff"  * 

*  ‘OATN  »1«<*  « 


Stress  to  Produce  0. 10  Percent 

Teepirature, 

Tice, 

Total  Plastic  Strain. 

k--1  :e  ' 

r 

Hours 

ksi 

:  .• 

* 

750 

100 

90.6 

.  • «  V  . 

750 

300 

83.5 

750 

1000 

72.7 

750 

3000 

(a) 

III. 

!  -* 

840 

100 

44.8 

840 

300 

31.4 

»  7S.5  ksi  to  produce  0.20  percent  plast: 

strain  m  3000  hours. 


«*•  iff  t 
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TABLE  42.  YOUNG'S  MODULUS  OF  HYLITE  SS{11) 

(1-inch-diaaeter  bar,  fully  heat  treated) 


Teaperature,  F 


Modulus.  106  psi 


70 

16.7 

210 

16.1 

390 

IS. 4 

S70 

14.6 

750 

13.9 

930 

13.1 

1110 

12.4 

TABLE  45.  ESTIMATED  STRESSES  REQUIRED  TO  PRODUCE 

1290 

11.6 

TOTAL  PLASTIC  CREEP  STRAINS  UP  TO  1.0  PER- 

CENT  AT  7S0  F  AND  840  F  IN  S/S- INCH- 
DIAMETER  HYLITE  60  SWAGED  R00(30) 


Heat  treated  prior  to  Machining--1830  F/0.5 
hr,  AC  ♦  1020  F/24  hr,  AC.  After  sachining 
and  before  polishing,  stress  relieved 
1020  F/C.5  hr. 


TA.SLE  43.  TYPICAL  TtKSILE  FRO? STIES  Of  FORCED  HYLITE  60 
ctxPRESsca  Disr(*)(»i 


Tesperiturt, 

r 

0.2  Percent 
Yield 
Strength. 
Ui 

I'ltiute 

Tetml- 

Strength. 

ksi 

Elcng, 

oercent 

Reduction  of  Are*, 
percent 

70 

130 

ISO 

11 

30 

600 

9  C 

116 

12 

36 

850 

85 

113 

15 

39 

1000 

78 

106 

15 

23 

(I)  IBM  r/1  hr.  AC  •  1020  f/24  hr.  AC. 


TABLE  44.  CREEP  PROPERTIES  FROM  A  24- INCH- 

DIAMETER  COMPRESSOR-DISK  FORGING  OF  HYLITE 

60(10) (a) 


Stresses  Required  in  Specified  Tines, ksi 
Strain,  percent  100  Hr  200  Hr  300  Hr  500  Hr 


■ - 

Creep  Tests  at  750  I 

c.os 

67.1 

63.8 

60.5 

56.0 

0.1 

80.6 

78.5 

76 .1 

71.6 

0.2 

94.0 

93.0 

91.9 

89.6 

0.3 

100.8 

99.7 

98.6 

97.5 

0.5 

106.4 

105.3 

105.3 

105.3 

1.0 

112.0 

112.0 

100.9 

109.8 

Creep  Tests  at  840  F 

0.05 

52.6 

49.3 

48.2 

45.9 

0.1 

66.1 

61.6 

60.5 

S7.1 

0.2 

78.4 

76.1 

73.9 

71.7 

0.3 

86.3 

64.0 

82.9 

79.5 

0.5 

95.1 

93.0 

91.8 

89.6 

1.0 

105.2 

104.1 

103.0 

101,9 

Stress  to  Produce  a  Total 

Teaperature,  Tise,  PlasCic  Strain,  ksi _ 

F  Hours  0.10  Percent  0.20  Percent 


840 

100 

59.  S 

80.5 

840 

300 

S2.0„. 

47.0^ 

77.3 

640 

1000 

68.4 

1020 

100 

47.0 

— 

1020 

300 

40.7 

— 

(a)  Fully  heat  treated. 

(b)  Estiaated. 


TABLE  46.  TYPICAL  POSTCP.EEP  TENSILE  RESULTS  OF  HYLITE  60 1 
Heat  treated  1830  F/l  hr,  AC  ♦  1C20  F/24  hr,  AC 


Creep  Expc 
Teaperature , 
F 


0.2  Percent  Ultinate 


f  tress , 

i 


TABLE  47.  TYPICAL  TENSILE  PROPERTIES  OF  HYLITE  65  HEAT  TREATED  1- INCH-DIAVETER 
BAR1'10) 


Teaperature,  F 

70 

210 

390 

570 

750 

930 

1110 

1290 

0.2  Percent  Proof  Stress, 
ksi 

136.0 

121.0 

97.5 

67.4 

83.5 

75.2 

69.5 

37.0 

Ultiaate  Tensile  Strength,  ksi 

155.0 

141.0 

121.0 

110.1 

104.4 

97.2 

91.5 

63.6 

Elcngction.  percent 

IS. 5 

16. 0 

18.5 

18.0 

16.0 

17.0 

21.0 

50.0 

Reduction  of  Are-,  percent 

27 

49 

41 

39 

3S 

45 

49 

64 

TABLE  48.  CREEP  PROPERTIES  OF  HYLITE  65  HEAT- 
TREATED  1- INCH- DIAMETER  BAR(IO) 


Teaperature, 

F 


Stress  to  Produce 
0.1  Percent  Total 
Plastic  Strain,  ksi 


DOCUMENT  CONTROL  DATA  -  R&D 
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